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INTRODUCTION 


Marine  structures  education,  for  the  purposes  of  this  study,  and  hence  this 
report,  includes  the  structures  portions  of  both  the  undergraduate  and  the  graduate 
programs  at  well-recognized  schools  that  grant  degrees  in  the  disciplines  of  naval 
architecture  and/or  ocean  engineering,  intending  they  indicate  that  the  recipients  are 
reasonably  capable  of  analyzing  and  designing  ships  and  boats  and  other  marine 
craft,  and/or  offshore  platforms  or  other  offshore  marine  systems.  This  does  not 
preclude  the  recognition  that  many  of  those  in  the  practice  and  even  the  teaching  of 
marine  structural  analysis  and  design  may  well  have  earned  their  degrees  at  these 
same  or  at  different  schools  but  in  other  mechanics-based  engineering  disciplines, 
such  as  civil,  mechanical,  or  aerospace,  in  applied  mechanics,  or  perhaps  at  the 
graduate  level  in  a  narrower  speciahzed  field  sometimes  called  "structimal  mechanics" 
or  just  "engineering  structures."  Thus  the  extent  to  which  this  may  indeed  be  so  is 
significant  and  will  be  discussed. 

There  is  an  undeniable  perception  that  structural  considerations  are  not  at 
present  being  given  adequate  attention  in  the  curricula  at  some  of  the  schools  of 
interest,  and  this  stems  at  least  in  part  from  differing  expectations  of  what 
understanding  and  capability  with  regard  to  structural  analysis  and  design  the 
graduates  of  these  programs  should  have  obtained.  This  is  in  fact  a  perennial 
problem  that  pervades  all  of  higher  education.  It  is  essential  that  students  be 
informed  about  as  much  of  the  basic  knowledge  pertinent  to  their  particular  field  as 
possible  and  gain  an  understanding  of  the  principles  and  underlying  historical 
evolution  of  ideas  and  problems  that  have  led  to  the  distinctive  definition  of  that  field. 
But  it  is  equally  necessary  that  they  acquire  the  capacity  to  contribute  their  efforts 
in  practicing  professionally  in  that  field,  whether  that  entails  resolving  typical  current 
problems  with  existing  approaches  and  procedures  or,  less  often,  conducting  and 
perhaps  directing  research  and/or  development  undertakings  seeking  to  enhance  and 
often  to  improve  them  or,  more  frequently,  just  to  understand  the  problems 
themselves  more  fully. 

These  twin  demands  are  clearly  evident  in  engineering  education.  The  programs 
at  some  schools  have  curricula  that  emphasize  one  usually  at  the  expense  of 
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satisfactorily  achieving  the  other  at  the  undergraduate  level,  even  though  most 
schools  have  until  recently  not  considered  the  preparation  for  general  practice  as  the 
main  focus  at  the  graduate  level.  The  degree  to  which  this  is  so  at  the  dozen  or  so 
schools  of  concern  in  this  project  will  be  assessed.  Their  programs  will  be  evaluated 
primarily  with  respect  to  the  content  appropriate  to  the  subject  of  this  report,  marine 
structural  analysis  and  design,  while  noting  that  the  generic  term  "ocean  engineering" 
is  unhke  "naval  architecture"  not  at  all  limited  to  the  analysis  and  design  of  vessels 
and  offshore  platforms  and  the  structures  content  therefore  in  several  may  not  be 
extensive.  Two  of  the  schools  are  indeed  military  academies  and  the  somewhat 
special  circumstances  at  them  must  be  acknowledged. 

In  no  instances  are  the  descriptions  of  and  discussions  about  the  programs  and 
the  individual  courses,  and  sometimes  even  the  instructors  for  those  courses, 
intended  to  be  construed  as  criticism,  favorable  or  unfavorable.  This  study  sought  to 
determine  how  correct  the  perception  mentioned  above  actually  is,  and  this  report  will 
describe  and  discuss  the  material  and  other  information  that  permitted  some 
conclusions  to  be  reached.  Colleagues  at  all  the  schools  were  helpful  in  providing  this 
material  and  interchanges  with  them  have  been  most  beneficial,  and  are  much 
appreciated.  Many  other  ftiends  or  acquaintances  in  the  marine  industry  were  also 
interviewed  and/or  responded  to,  and  often  elaborated  on  their  answers  to,  a 
questionnaire  sent  to  them  or  their  organizations. 

This  report  will  first  include  brief  descriptions  of  the  undergraduate  and  the 
graduate  programs  at  the  various  schools  that  satisfy  the  engineering  needs  of  the 
marine  industry  by  having  created  and  sustained  educational  efforts  particularly  in 
naval  architecture  and/or  in  ocean  engineering.  The  material  that  might  have  been 
included  is  vast  indeed.  But  while  the  primary  interest  is  in  the  marine  structures 
coxirses,  they  can  only  be  properly  understood,  and  discussed  in  the  next  section  of  the 
report,  in  relation  to  the  total  content  of  and  the  other  requirements  imposed  on  these 
programs. 

A  third  section  of  the  report  will  review  the  responses  to  a  series  of  questions 
addressed  to  individuals  and/or  organizations  representing  the  various  branches  of  the 
total  marine  industry  that  are  concerned  to  some  significant  degree  with  structural 
analysis  and  design.  Their  impressions  and  expectations  regarding  the  education 
programs,  their  satisfaction  with  their  own  basic  knowledge  of  and  their  confidence  in 
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their  current  marine  structural  analysis  and  design  practices,  and  their  views  on  how 
their  own  or  the  marine  industry's  circumstances  with  respect  to  these  matters 
might  be  bettered,  were  sought. 

The  report  will  be  completed  with  a  section  providing  the  conclusions  reached  as 
a  result  of  undertaking  this  project,  plus  some  recommendations  suggested  by  those 
conclusions. 
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NAVAL  ARCHITECTURE  AND  OCEAN  ENGINEERING 
PROGRAMS  IN  NORTH  AMERICA, 

AND  THEIR  RELATION  TO  CURRENT  TRENDS  AND 
CONCERNS  IN  ENGINEERING  EDUCATION 

The  more  traditional  undergraduate  programs  in  naval  architecture  in  the 
United  States  and  Canada  are  currently  those  offered  by  Webb  Institute,  the 
University  of  Michigan,  the  University  of  New  Orleans,  and  Memorial  University  in 
St.  John's,  Newfoundland.  There  is  a  Department  of  Naval  Architecture  and  Marine 
Engineering  at  Michigan  and  their  program  includes  both  the  engineering  disciplines 
named  if  indeed  they  are  considered  distinctive  (as  they  sometimes  are)  rather  than 
essentially  a  single  discipline.  The  program  at  New  Orleans  is  administratively 
offered  by  the  School  of  Naval  Architecture  and  Marine  Engineering  and  like  Michigan 
tends  to  consider  the  two  fields  a  single  discipline.  That  at  St.  John's  is  entitled  Naval 
Architectural  Engineering  and  is  administratively  actually  offered  by  the  Faculty  of 
Engineering  and  Applied  Science.  Until  recently  the  University  of  California  at 
Berkeley  and  the  Massachusetts  Institute  of  Technology  offered  similar  programs, 
but  those  students  at  Berkeley  now  are  enrolled  in  the  Mechanical  Engineering 
Department  even  though  the  Department  of  Naval  Architecture  and  Offshore 
Engineering  stills  exists  and  its  faculty  offer  some  undergraduate  courses  in  naval 
architecture,  and  the  Department  of  Ocean  Engineering  at  MIT  maintains  a 
bachelor's  degree-granting  program  in  ocean  engineering  that  also  still  includes 
courses  in  naval  architecture. 

The  other  well-established  undergraduate  ocean  engineering  programs  are  at 
Florida  Institute  of  Technology,  Florida  Atlantic  University,  Virginia  Polytechnic 
Institute  at  State  University,  where  the  home  department  is  designated  the 
Aerospace  and  Ocean  Engineering  Department,  and  at  Texas  A&M  University  (at 
the  College  Station  campus,  not  that  at  Galveston)  where  it  is  administratively 
within  the  Civil  Engineering  Department  even  though  the  degree  is  in  ocean 
engineering. 

The  U.S.  Coast  Guard  Academy  and  the  U.S.  Naval  Academy  are  the  only  two 
military  schools  included  in  this  study  even  though  accredited  programs  are  available 
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at  two  of  the  maritime  academies  -  in  marine  engineering  systems  at  the  U.S. 
Merchant  Marine  Academy  and  in  naval  architecture  and,  separately,  in  marine 
engineering  at  the  State  University  of  New  York  Maritime  College  —  which  both 
incorporate  the  so-called  Regimental  System  and  could  therefore  be  considered 
military,  or  perhaps  quasi-military,  schools.  They  were  not  included,  however, 
because  so  very  few  of  their  graduates  seek  careers  practicing  naval  architecture  and 
fewer  still  specializing  in  marine  structural  analysis  and  design.  At  Annapolis  majors 
are  available  in  naval  architecture,  in  ocean  engineering,  and  in  marine  engineering 
from  naturally  enough,  the  Department  of  Naval  Architecture,  Ocean,  and  Marine 
Engineering.  At  the  Coast  Guard  Academy  the  single  major  in  naval  architecture  and 
marine  engineering,  considered  a  single  discipline  much  as  at  Michigan  and  New 
Orleans,  is  offered  by  the  Engineering  Department. 

Other  undergraduate  programs  or  courses  not  part  of  this  study  are  the 
relatively  quite  new  and  still  small  but  coherent  and  accredited  one  in  ocean 
engineering  at  Rhode  Island,  and  the  sequences  of  courses  in  naval  architecture 
offered  within  the  Mechanical  Engineering  Department  at  the  University  of 
Washington.  Those  at  the  two  military  academies  are  indeed  only  included  because 
graduates  who  have  completed  these  programs  often  do  enter  into  the  practice  of 
naval  architectxu-e  and/or  ocean  engineering  immediately  after  fulfilling  their  service 
obligations  or  even  later  when  retiring  after  often  gaining  service  experience  or 
possibly  additional  formal  education  that  might  suggest  that  choice  is  quite 
appropriate.  These  late  entrants  to  the  field  have  sometimes  majored  in  engineering 
disciplines  other  than  naval  architecture  or  ocean  engineering  while  earning  their 
undergraduate  degrees  at  the  academies. 

These  dozen  institutions  are  thus  at  present  the  principal  sources  of  very  nearly 
all  of  those  naval  architecture  and/or  ocean  engineering  bachelor's  degree-level 
graduates  now  entering  practice  or  continuing  their  studies  at  the  graduate  level,  and 
have  been  (with  some  variations  at  several  of  the  schools)  the  sources  for  the  last 
several  decades.  They  are  also  schools  that  have  traditionally  offered  graduate 
programs  in  naval  architecture  and/or  ocean  engineering,  and  still  do  with  the 
exception  of  the  military  academies  and  Webb  —  which  is  initiating  a  master  s  degree 
program  in  "Ocean  Technology  and  Commerce"  as  this  is  written.  Again,  several 
other  institutions  do  have  graduate  programs  in  ocean  engineering,  notably  Hawaii, 
Miami,  New  Hampshire,  and  Rhode  Island,  and  there  is  now  a  graduate  program  in 
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naval  engineering  at  the  Naval  Postgraduate  School  in  Monterey.  But  limiting  the 
study  to  these  dozen  schools  and  dealing  with  their  undergraduate  curricula  and  the 
corresponding  graduate  programs,  but  including  also  the  graduate  program  at  the 
Technical  University  of  Nova  Scotia,  would  seem  sufficient  to  gain  an  adequate 
understanding  of  and  to  describe  adequately  the  state  of  marine  structures  education 
in  North  America.  Table  1  indicates  the  degrees  at  all  levels  granted  by  these 
institutions. 
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TABLE  1 

VARIOUS  DEGREE  DESIGNATIONS  AND  LEVELS  FOR  PROGRAMS  OF  INTEREST  AT 

INSTITUTIONS  INCLUDED  IN  TfflS  STUDY. 


INSTITUTION 

DEGREE  DESIGNATIONS  AND  UNITS 

DEGREE  LEVELS  |] 

Webb 

in  Naval  Architecture  and  Marine  Engineering  by  Webb 
Institute 

Bl 

Michigan 

in  Naval  Architecture  and  Marine  Engineermg  by  the 
Department  of  Naval  Architecture  and  Marine 
Engineering 

B,  M2,  E3,  D4 

New  Orleans 

in  Naval  Architectural  and  Marine  Engineering  by  the 
School  of  Naval  Architecture  and  Marine  Engineering 

B,M 

Memorial 

in  Naval  Architectural  Engineering,  also  in  Ocean 
Engineering  at  Graduate  Level,  by  the  Faculty  of 
Engineering  and  Applied  Science 

B,M 

Berkeley 

as  Ocean  Engineering  Option  in  Mechanic^  Engineering 
at  undergraduate  level  and  in  Naval  Architecture  and 
Offshore  Engineering  at  graduate  level  by  Department 
of  Naval  Architecture  and  Offshore  Engineering 

B,  M,  E,  D 

Coast  Guard 
Academy 

in  Naval  Architecture  and  Marine  Engineering  by  the 
Department  of  Engineering 

B 

Naval  Academy 

in  Naval  Architecture  or  in  Ocean  Engineering  (or  in 
Marine  Engineering)  by  the  Department  of  Naval 
Architecture,  Ocean  and  Marine  Engineering 

B 

Virginia  Tech 

in  Ocean  Engineering  at  the  undergraduate  level  and  at 
the  Master's  degree  level,  but  in  Aerospace  and  Ocean 
Engineering  at  the  Doctor's  degree  level,  by  the 
Department  of  Aerospace  and  Ocean  Engineering 

B,  M,D 

MIT 

in  Ocean  Engineering  at  the  undergraduate  level  and  in 
Ocean  Engineering  or  Naval  Architecture  or  as  Naval 
Engineer  at  the  graduate  level  by  the  Department  of 
Ocean  Engineering 

B,  M,  E,  D 

Texas  A&M 

in  Ocean  Engineering  by  the  Department  of  Civil 
Engineering 

Florida  Atlantic 

in  Ocean  Engineering  by  the  Department  of  Ocean 
Engineering,  but  also  Master's  degree  in  Civil 
Engineering  as  well  as  Ocean  Engineering 

B,  M,D 

Florida  Tech 

in  Ocean  Engineering  by  the  Department  of  Ocean 
Engineering 

B,  M,D 

Nova  Scotia 

in  Naval  Architecture  by  the  Department  of  Mechanical 
Engineermg 

M,D 

Sources:  Bulletins  (Catalogs,  Calendars)  of  the  various  schools  (see  BIBLIOGRAPHY)  and  personal 


communication. 

1.  B  -  Bachelor  degree,  whether  B.S.E.,  B.Sc. 

2.  M  -  Master's  degree,  whether  M.S.E.,  M.Eng.,  M.S.,  M.A.Sc. 

3.  E  -  Professional  degree.  Naval  Engineer,  Naval  Architect,  Ocean  Engineer 

4.  D  -  Doctorate,  whether  D.Eng.,  D.Sc.,  Ph.D. 


Engineering  Education  Trends  and  Concepts 


These  programs,  however,  are  among  a  number  of  other  programs  in  engineering 
offered  by  the  respective  institutions  and  the  departments  involved  are  just  single 
individual  units  among  a  number  of  departments  with,  again,  Webb  being  the 
exception.  Usually,  a  teaching  department  is  administratively  within  a  college,  and 
the  college  one  of  a  number  within  the  institution  as  a  whole.  Many  policies  of  one 
sort  or  another,  certainly  financial  support,  admission  standards,  and  other  factors 
are  not  set  entirely  at  the  discretion  of  the  faculty  members  of  a  single  department. 
They  do  largely  determine  the  curricula  of  their  particular  programs  once  they  are 
created,  through  even  the  establishment  of  individual  courses  and  to  some  lesser 
extent  their  content  generally  are  reviewed  and  approved  by  a  college-level 
curriculum  committee  so  as  to  avoid  redundancy,  insure  quality,  and,  often  today,  to 
reduce  costs  and  maintain  some  efficiency  in  the  offerings  overall.  Large  enrollments 
in  any  course  are  viewed  with  favor  by  the  college  administrators,  and  the  course 
may  even  be  presented  with  large  lecture  sessions  being  given  by  a  professor  and 
several  so-called  recitation  sessions  directed  by  relatively  inexpensive  teaching 
assistants  if  the  enrollment  is  large  enough  and,  hopefully,  the  subject  matter  is 
amenable  to  such  a  format.  Very  small  enrollments,  especially  in  undergraduate 
courses,  often  attract  the  attention  of  administrators  and  can  lead  to  elimination  or 
revision,  including  being  offered  less  fi*equently. 

Faculty  members  are  also  not  entirely  free  to  direct  their  own  efforts  as  they 
alone  may  choose.  Those  associated  with  most  of  the  programs  listed  in  the  foregoing 
must  conduct  research  as  well  as  teach,  and  have  administrative  committee 
assignments  and/or  counseling  responsibihties  and  other  service-type  duties.  Most 
presmnably  are  permitted  to  do  some  constdting,  and  several  of  particular  interest  to 
this  study  as  well  as  many  others  have  outside  activities  extensive  enough  to 
warrant  personal  incorporation.  While  the  concepts  of  tenure  and  academic  freedom, 
the  requirements  for  promotion  at  large  universities,  and  other  such  matters  are 
beyond  the  scope  of  this  study,  it  is  pertinent  to  note  that  younger  and  newer  faculty 
members  are  in  fact  judged  and  rewarded  largely  upon  the  extent  and  level  of 
sophistication  of  their  publications  and  the  number  and  the  quality  of  the  theses 
produced  by  the  doctoral  students  they  have  directed.  Both  of  these  depend  largely 
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upon  the  extent  eind  level  of  sophistication  and  thus  the  number  and  the  quality  of  the 
research  endeavors  for  which  they  have  obtained  funding.  While  such  an 
arrangement  is  not  at  all  inconsistent  with  the  overall  academic  mission  of  the  large 
research  university  as  it  exists  in  North  America  today,  it  has  led  to  faculties  in  any 
given  discipline  that  often  consist  mostly  of  the  best  and  brightest  doctoral  graduates 
in  that  discipline  from  one  of  the  schools  having  almost  immediately  obtained  a 
teaching  position  at  one  of  the  others  and  thus  having  gained  very  limited  if  any 
experience  or  knowledge  concerning  professional  practice  in  industry.  While  this  is 
not  entirely  characteristic  of  any  of  the  schools  being  reviewed,  it  is  to  some  greater 
or  lesser  degree  the  situation  at  many  of  them  and  probably  increasingly  so  at  most. 
In  recognition  of  this  several  have  appointed  as  "adjunct"  professors  individuals  with 
industrial  experience  whose  presence  at  the  schools  may  have  been  prompted  by  the 
need  to  hire  them  to  take  advantage  of  their  experience  to  assist  in  conducting 
research,  but  anticipating  they  may  also  teach  for  perhaps  several  years.  Others 
have  hired  local  practicing  naval  architects  and/or  ocean  engineers  as  lecturers,  often 
for  a  single  course  for  a  single  term.  This  procedure  is  also  often  followed,  however, 
because  of  the  lack  of  adequate  regular  faculty  members,  possibly  because  of 
sabbatical  leaves,  sickness  or  similar  temporary  circumstances;  but  it  has  all  too 
often  recently  been  necessary  because  a  retired  professor  has  not  been  permanently 
replaced,  very  possibly  due  to  dechning  enrollment  in  the  program.  The  nature  of  any 
of  these  programs  is  thus  subject  to  temporary  and  even  permanent  modifications 
because  of  such  changes  in  the  size  and  composition  of  the  faculty. 

But  programs  must  also  be  changed  if  the  "service  courses"  which  are  included 
in  the  curricula  are  altered.  These  obviously  include  the  basic  courses  in 
mathematics  -  typically  through  differential  equations  -  and  chemistry,  physics,  and 
often  computer  programming  and  usage  included  in  all  undergraduate  engineering 
curricula,  but  termed  service  courses  because  they  are  t3rpically  given  by  a  umt  other 
than  the  departments  responsible  for  the  naval  architecture  and/or  ocean  engineering 
programs  of  interest  in  this  study.  This  is  usually  also  the  situation  with  regard  to 
the  introductory  courses  in  thermodynamics,  electrical  and  material  science  and 
engineering,  and  mechanics  —  statics,  dynamics,  fluid  mechanics,  and  solid  mechamcs 
(mechanics  of  deformable  materials  or  bodies,  strength  of  materials,  or  whatever 
name  may  be  used).  Changes  may  also  be  caused  by  revisions  in  composition  and/or 
technical  writing  requirements  or  arrangements,  decisions  by  the  entire  school  or 
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college  with  regard  to  the  number  and  distribution  of  elective  courses  in  the 
humanities  and  social  sciences,  or  other  similar  factors. 

That  curricula  are  in  a  seemingly  perpetual  state  of  transition  is  therefore  an 
accepted  situation,  in  engineering  education  in  any  case,  but  this  condition  stems  as 
much  or  more  from  the  technological  changes  -  actually  the  pace  of  technological 
advances  -  that  are  affecting  the  knowledge  and  understanding  needed  to  practice  in 
any  of  the  engineering  disciplines. 


Undergraduate  Programs 

Adequate  descriptions,  for  the  purpose  of  this  report,  of  the  individual 
undergraduate  programs  dealt  with  can  best  be  accomplished  by  reproducing  here  as 
figures  the  typical  term-by-term  course  listings  and/or  other  excerpts  from  their 
catalogs  (or  bulletins  or  calendars,  as  they  are  sometimes  called)  trusting  that  the 
course  titles  are  representative  enough  to  preclude  the  need  to  provide  also  each  and 
every  one  of  the  individual  course  descriptions  usually  also  contained  in  the  catalogs. 
Pertinent  marine  structural  analysis  and  design  course  descriptions,  and  the 
syllabuses  for  them,  will  be  included  in  the  next  section  of  this  report,  however. 

Webb  Institute 

Webb  is  unique  among  the  programs  of  interest  to  this  study,  in  several 
respects.  First,  all  of  the  entering  students  are  there  to  study  only  naval  architecture 
and  must  all  complete  the  identical  sequence  of  courses  created,  and  truly  integrated, 
with  that  beneficial  circumstance  providing  a  distinct  advantage  not  present 
elsewhere.  Basic  mechanics,  for  example,  need  not  be  introduced  first  in  general 
physics  courses  and  then  essentially  retaught  in  engineering  science  courses  and  then 
revisited  in  professional  courses  as  is  characteristic  in  the  curricula  at  other  schools 
at  which  the  contents  of  the  physics  courses,  with  ABET  -  Accreditation  Board  for 
Engineering  Education  and  Technology  -  encoiiragement,  are  usually  determined  by  a 
somewhat  remote  physics  department.  At  Webb  material  first  taught  in  engineering 
science  courses  can  be  used  in  the  various  naval  architecture  courses  that 
immediately  follow  very  much  as  if  the  two  courses  are  considered  together  a  single 
entity.  There  are  several  other  arrangements  by  which  Webb  can  gain  special 
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efficiencies  not  possible  at  other  schools,  mostly  including  introductory  material, 
analysis  techniques,  and  even  applications  in  earlier  courses  -  in  structures  or 
hydrodynamics  or  marine  engineering  -  that  directly  pertain  to  or  even  specifically 
initiate  the  procedures  and  exercises  to  be  dealt  with  in  a  following  design  course. 
Having  eight-week  practical  work  periods  in  the  marine  industry  required  each  year  is 
obviously  also  an  important  bonus  to  the  Webb  curricula.  Despite  the  lack  of  the 
much  more  extensive  supporting  infrastructure  found  at  most  of  the  other 
engineering  schools,  including  relatively  large  faculties  from  other  engineering 
disciplines  available  certainly  to  influence  and  possibly  to  improve  and  expand  the 
educational  experiences  of  students,  it  is  universally  acknowledged  that  Webb 
provides  a  thoroughly  satisfactory  if  not  exemplary  education  to  its  students.  That 
their  program  is  as  comprehensive  as  it  is  may  be  due  largely  to  efficiencies  of  the 
type  listed  above  and  more  credit  hours  per  semester  and  totally  than  required  by 
other  programs;  but  many  believe  the  balance  obtained  between  imparting  knowledge 
and  understanding,  and  simultaneously  instilling  in  the  graduates  the  capability  for 
them  to  be  able  better  to  meet  the  expectations  found  in  the  marine  industry  that 
they  also  be  able  to  carry  out  the  routine  tasks  along  with  the  more  complex  and 
demanding  ones  in  particular,  is  accomplished  because  the  faculty  at  Webb  consists 
primarily  of  individuals  with  professional  experience  in  industry  and  they  are  not 
distracted  continually  or  evaluated  to  the  same  extent  by  the  heavier  other  demands 
and  expectations  beyond  teaching  well  as  are  their  colleagues  at  the  major  research 
universities.  The  curricula  at  W^ebb  is  shown  in  the  course  listing  in  Figure  1. 
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SCHEDULE  OF  COURSES 

The  fut^ectt  of  imtniction,  given  during  each  of  the  four  years, 
are  listed  oo  (he  following  pages. 

A  semester  hour  represenu  ow  hour  of  recitaticQ  or  two  hours 
of  drsfUng  or  Uboratory  wod  per  week  per  semestee  The  term  **semes- 
ler  hour**  is  identicil  with  the  term  hour**. 


Freshmen 

Bnt  Semester 

Sent 

CUst 

Hrs. 

Hrs. 

TechnicsJ  Communicatioos 

2 

2 

Msthemstics  1  •  Calculus  1 

4 

4 

General  Chemistry 

Physics  1  -  Elementary  Mechanics  A 

4 

Engineering  Statics 

4 

4 

Engineering  Graphics 

Naval  Architecture  I  •  Introductioo  to 

5 

Shipbuilding 

Marine  Engineering  I  >  Introductioa  to 

Vh 

2 

Marine  Eoginetring 

l</i 

2 

I9 

23 

Satisfactory  complctioo  of  8  weeks  practica]  work  U  required. 

Secood  Semester 

Marine  Engtnoering  n  *  Shipboard  Systems 

3 

3 

The  Human  Experieoce  I 

3 

3 

Madtemarics  n  *  Calculus  Q 

4 

4 

Computer  Applicatiofis 

2 

3 

Physics  n  •  Heat,  Light  and  Sound 

3 

4 

Materials  Science 

4 

5 

19 

Sophomores 


First  Semester 

Sent 

C1as.s 

Hnt 

Mrs. 

Humanities  Elective 

3 

3 

Mathematics  IH  *  Differential  Equations 

3 

3 

Computer  Programming 

2 

3 

Navi  Architecture  U 

3 

4 

Strength  of  Materials 

4 

4 

Dynamics 

4 

4 

19 

21 

Satisfactory  coropletioo  of  8  weeks  practical  work  is  required. 

Second  Semester 

Western  Literature 

3 

3 

Mathematics  IV  -  Advanced  Engineering 

Mathematka 

4 

4 

Physics  in  ’  Electricity  and  Magnetism 

3 

4 

Fluid  Mechanics 

3 

3 

Thermodynamics 

3 

3 

Marine  Engineering  m  •  Ship  Systems  n 

4 

4 

20 

21 

Juniors 


First  Semester 

Sent 

Gass 

Hrs. 

Hn. 

Human  Experience  II 

3 

3 

Engineering  Economics 

1 

I 

Probability  and  Random  Processes 

Marine  Engineering  IV  • 

3 

3 

Machine  Design  and  Transmission  Systems 
Electrical  Engineering  1  -  CiicuiU  and 

3 

3 

Electronics 

Naval  Architecture  III  >  Ship  Resistance  and 

3 

4 

Propulsion 

2 

2 

Naval  Architecture  IV  -  Ship  Structure 

3 

4 

19 

21 

Satisfactory  cofT^>letion  of  8  weeks  practical  work  is  required. 

Second  Semester 

American  Politics  and  Foreign  Policy 

2 

2 

Marine  Engineering  V  >  Steam  Plants 

3 

3 

Engineering  Laboratory 

2Vi 

4 

Electrical  Engineering  n  *  Machines  and  Controls 

3 

4 

Naval  Architecture  V  -  Ship  Hydrodynamics 

Naval  Architecture  VI  >  Elements  of  Ship 

4 

4 

Design  and  Production 

3 

4 

Thesis 

Vi 

1 

li 

a 

First  Semester 

Sem. 

Gass 

Hrs. 

Hrs. 

Ethics  and  the  Profession 

3 

3 

Ship  Vibrations 

3 

3 

Naval  Architecture  VII  -  Ship  Design  1 

Marine  Engineering  VI  -  Di^l  Engines. 

4 

6 

Plant  Design  and  Comparative  Economics 

4»A 

5 

Thesis 

Vh 

5 

17 

22 

Satisfactory  completion  of  8  weeks  practical  work 

Second  Semester 

is  required. 

Professional  Communications 

2 

2 

Nava!  Architecture  VlII  >  Ship  Design  11 

Naval  Architecture  IX  -  Propeller  Design 

3‘/i 

6 

and  Vibrations 

Naval  Architecture  X  -  Special  Topics  in  Naval 

3 

3 

Architecture 

2 

2 

Thesis 

Vh 

5 

Seminar 

0 

2 

Selected  Topics 

3 

16 

23 

FIGURE  1.  THE  WEBB  PROGRAM  (REPRODUCED  FROM  THE  1995-96  "CATALOG") 
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The  University  of  Michigan 


The  current  undergraduate  curriculum  at  Michigan,  while  similar  in  many  ways 
to  that  at  Webb,  is  almost  classical  in  its  structure  and  content  including  as  it  does 
only  minor  modifications  over  the  last  decade  or  two.  It  is  shown  in  Figure  2.  Two 
recent  changes  that  should  be  noted  are  the  insertion  among  the  program  subjects 
just  after  the  introductory  course  entitled  Marine  Design,  of  one  new  one  devoted  to 
production  considerations,  replacing  the  more  traditional  course  in  hydrostatics  and 
stability  which  is  now  covered  more  completely  in  the  introductory  course  and  in  the 
second  new  course  entitled  Marine  Hydrodynamics  I.  The  latter  course  also  includes 
most  of  the  material  previously  taught  in  a  more  general  fluid  mechanics  service 
course  offered  by  the  Mechanical  Engineering  Department,  and  required  in  most  of 
the  other  mechanics-based  programs  such  as  civil  and  mechanical  engineering  but 
not  aerospace.  The  traditional  resistance  and  propulsion  material  is  now  included  in 
the  Marine  Hydrodynamics  II  course,  probably  giving  the  impression  to  some  that 
naval  architecture  and  marine  engineering  is  now  even  more  predominantly 
concerned  with  hydrodynamics  rather  -  of  which  more  later  -  than  the  long-standing 
"four  areas  of  concentration"  referred  to  in  the  Technical  Elective  requirements. 
These  only  recently  were  "ship"  strength,  hydrodynamics,  power  systems,  and 
dynamics  (vibrations  and  rigid  body  motions,  both  of  which  are  periodic),  and  are  now 
preceded  by  the  designation  "marine"  to  reflect  that  they  now  are  more  devoted  to  a 
more  systems-oriented  treatment  involving  all  types  of  marine  systems  and  not  just 
to  ships  and  boats. 

The  University  of  New  Orleans 

The  undergraduate  program  at  New  Orleans  is  very  similar  to  that  at  Michigan 
prior  to  the  recent  changes  noted  above,  coherent  to  the  same  degree  and  structured 
in  an  almost  identical  manner.  It  is  illustrated  in  Figure  3.  The  individual  course 
titles  include  the  prefix  "offshore  structure  and  ship"  (i.e..  Offshore  Structure  and  Ship 
Strength  I  and  Offshore  Structure  and  Ship  Dynamics  II)  rather  than  the  more 
generic  "marine",  but  there  does  indeed  seem  to  be  somewhat  more  coverage  of 
offshore  platforms  in  several  of  the  courses  and  in  the  overall  curriculum  then  is  the 
case  at  Michigan.  There  are  not,  however,  any  courses  dealing  specifically  with  some 
of  the  many  other  ocean  engineering  topics. 
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Umpit  Sefipdott  by  T»rm 
Hows  1  2  3  4  5  6  7  8 


« 


Required  Programs 


Sub}tcts  nquind  by  gllprogrtmt  (56  bn.) 

(Seeunder  Vininm  Common  f^iremens,’ page  57.  fonnematives) 
Mathematics115,116.215,and216  16  4  4  4  4 

English  125,  College  Writing  4  4  -  -  • 

*  Personal  Computing  3  3  •  •  • 

Chemistry  130andt2Sof210and211  5  5--* 

Physics  140  with  Ub  141;  240withLat)  241  8  -  4  4  - 

Senior  Technical  Communication  3  .  -  .  - 

Humanities  and  Social  Sciences  (see  pages  61. 65)  17  -6-3 


■  3 

4  4 


Adnacid  MathtmaUa  (3  bn.) 

Mathematics  350  3  .  .  .  -  3  .  .  • 


Mat$d  Tithnlcal  Subjact  (16  bn.) 
MSE2SO.PrinofEngMatefiab 
ME  211.  Intro  to  Solid  Mechanics 
ME  240.  Intro  to  Dynamics 
ME  235,  Thermod^ics  I 
EECS  314,  Cct  An^  and  Electronics 

Pngnm  $ubl$et$  (36  bn.) 

NA  270,  Marine  Design 

NA  275.  Marine  Systems  Manuiacturing 

NA  310.  Marine  Structures  t 

NA  320.  Marine  Hydrodynamics  I 

NA  321.  Marine  H^rodynamics  I 

NA  330.  Marine  Power  Systems  I 

NA  340,  Marine  Dynamics  I 

NA  391,  Marine  Lab 

NA  470,  Ship  Desigii  or  NA  471. 

Offshore  Eng  Design 
NA  475.  Design  Proj^ 

NA  461.  Probal  Meth  in  Marine  Syi 

Taehniul  Elacthns  (9  bn.) 

These  must  include  at  least  two  of  the  second 
courses  in  the  four  areas  of  concentration— 
NA  410,  Marine  Struc  II;  NA  425.  Envir  Ocean 
Dynamics;  NA  430.  Mar  Power  Systems  II; 
or  NA  440.  Mar  Dynamics  I 
Another  Technical  Elective 


3  -3 . 

4  ..4***** 
3  ...  3  ...  - 
3  ...3*-** 
3  .....3** 


3 

3 

4 
4 
4 
4 
4 
3 

3 

3 

3 


-  3 

-  3 


3 


6  . 3  3 

3  . 3 


Fraa  Elaethnt  (6  bn.) 


3  3  - 


Total  126  1617151615171618 

•Eng  103  (3  hrs),  Eng  104  (3  hrs).  Eng  106  (4  hrs).  or  Eng  107  (4  hrs)  acceptable;  Eng  106 
or  Eng  107  preferred.  1  hour  counting  as  free-elective  credit 


FIGXJRE  2.  THE  MICHIGAN  PROGRAM  (REPRODUCED  FROM  THE  COLLEGE  OF 
ENGINEERING  1995-96  "BULLEIW) 


-  14- 


FfCSKMANYEAR  CIIKftS 

»C11U7. 1181  6 

A/taD«etfw«*  } 

MATH  2111.  2112*  10 

rWYS  1061. 1062  4 

CHEM 1017*  2 

CSai201  2 

B4CA1000  1 

ENM£  1761  2 

Ji 

22 

JUNIOR  YEAR  CRHRS 

ECONTOOO*  2 

eCE  2800. 2516.2801  7 

ENME  2020. 2716,  2720,  2770  10 

NAME2120.  2120, 2140. 

2150,2160  18 


SOPHOMORE  YEAR  CRHRS 

ENG12182  2 

MATH  2118, 2221  0 

PHYS1082  2 

ENME  2750  2 

CHEM  1018*.  1022  8 

ENCE  2211. 2250, 2281  7 

NAME  2150,  2160  6 

SocMI  Sci«K«  EMctiv**  2 

-3 

26 


SENIOR  YEAR  CRHRS 

Human(t}«f  Elactivt*  2 

Soci«i  Scl«nc«  or 

Humanititt  Eltctiv*'  2 

UtKtturt  EI«ctfvM*  6 

BMofly  EIkOv**  2 

B^3090  1 

NAME  4150. 4188  6 


NAMEEImOvmP  JLl 


28 


22 


ANALYStI 

♦ 

KSKM 

m 

TOTAL 

NAME  2180 

ifTRO  TO  $HP  6  OFFSHORE 

STRUCTURES  OES  6  CONSTR 

to 

♦ 

^J0 

• 

24 

NAME  2160 

F0RMCALC6STAMITY 

to 

♦ 

OO 

m 

24 

NAME  2061 

NAVAL  ARCH  DCS  PROJECT 

to 

♦ 

2.0 

m 

2.0 

NAME  2082 

MAMNE  B63  DCS  PROJECT 

to 

♦ 

2.0 

m 

24 

NAME  2062 

SreCIAL  PR06S  M  NAVAL  ARCH 

to 

♦ 

14 

m 

14 

NAME  2028 

SPECaAL  PROeS  M  MARME  M 

to 

4 

14 

m 

14 

NAME  2086 

SRKtAL  PROeS  64  MAR8C  ENO 

to 

14 

• 

14 

MAME  1120 

OFFSHORE  STRUCT  A 

SHPSTN940THI 

14 

♦ 

14 

• 

24 

KAME  2120 

MARME  040 1  rtPRBt  SYSTEMS) 

to 

♦ 

14 

m 

14 

NAME  2140 

COMPUTTO  M  NAVAL  ARCH 

14 

4 

04 

•1 

14 

NAME  I1E0 

SHP  RESmANOE  8  PROPULSION 

14 

4 

14 

• 

24 

NAME  21M 

OFFSHORE  STRUCTURE  6 

SHTOYNAMCS 

ts 

4 

14 

■1 

44 

NAME  2200 

S84UnH0H0RTHEStt 

to 

4 

24 

■6 

24 

NAME  4020 

SPKML  TOFICS  64  NAVAL  ARCH 

to 

4 

14 

■ 

24 

NAME  4027 

SPeSAL  TOFICS  64  MAR64E  B40 

to 

4 

24 

m 

24 

NAME  4120 

SHP  STRUCTURAL  ANALYSIS  6  OES 

to 

4 

14 

IN 

24 

NAME  4120 

MAR6CB4664eER64QI 

to 

4 

24 

m 

24 

NAME  4111 

RBJA8UTY.  AVAAAMUTY  i  MAMT 

OF  B46  SYSTEMS 

to 

4 

14 

m 

14 

NAME  4122 

64TRO  TO  OOMPUTATKMAL  FUAD 

OYNAJylCS  AND  HEAT  TRANSFER 

to 

4 

24 

m 

24 

NAME  4141 

CURVED  SURFACE  DESION 

04 

4 

24 

m 

24 

NAME  4142 

SOUDMOOa64Q 

to 

4 

14 

• 

24 

NAME  4120 

OFFSHORE  STRUCTURES  8 

$H6>  DESIGN 

04 

4 

24 

m 

24 

NAME  4121 

SMAa  CRAFT  DESIGN 

04 

4 

2.0 

m 

2.0 

NAME  4122 

OFFSHORE  STRUCTURES  8 

SH6>0ES  PROJECT 

to 

4 

24 

m 

24 

NAME  4120 

SHIP  HYDROOYNAMKS 1 

14 

4 

2.0 

m 

24 

NAME  4122 

OFFSHORE  STRUCTURES  8 

SMPOYNAMCSI 

04 

4 

24 

m 

24 

NAME  4171 

A0M6ULTY  LAW  FOR  B4G»4aRS 

to 

4 

04 

• 

2.0 

NAME  4121 

MATBVALS  FOR  UAR64E  DESRM 

14 

4 

2.0 

■1 

24 

FIGURE  3.  THE  UNIVERSITY  OF  NEW  ORLEANS  CURRICULUM  (EXCERPTS  FROM 
THE  COLLEGE  OF  ENGINEERING  1994-95  "INFORMATION  BULLETIN") 
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Memorial  University  of  Newfoundland 


The  undergraduate  program  at  Memorial  reflects  the  fact  that  high  school 
graduates  in  Canada  have  advanced  further  than  is  generally  true  in  the  United 
States  and  therefore  their  curriculum  need  not  include  for  example  such  courses  as 
composition  and  general  chemistry  and  physics  in  the  first  year,  nor  the  electives  in 
the  humanities  and  social  sciences  scattered  throughout  the  curriculum  that  are 
required  in  the  U.S.  The  graduates  of  this  program  are  thus  nearly  but  not  quite  fully 
equivalent  in  educational  breadth  and  professional  preparation  to  those  receiving 
master's  degrees  at  most  of  the  other  schools  being  described  here.  They  can 
specialize  to  some  extent  in  selecting  technical  electives  in  the  last  two  terms,  as 
shown  in  the  chart  in  Figure  4,  concentrating  perhaps  in  production  management 
rather  than  entirely  in  the  design  of  ships  or  platforms  or  even  submersibles.  The 
professional  content  of  what  must  still  be  termed  an  undergraduate  curriculum  is 
perhaps  stronger  and  more  varied  than  that  offered  by  any  of  the  schools  in  the  U.S. 

The  University  of  California  -  Berkeley 

The  current  undergraduate  curricula  in  naval  architecture  at  Berkeley  is  shown 
in  Figure  5.  It  will  evidently  be  changed  somewhat  as  the  program  soon  becomes 
established  as  another  regular  option  in  ocean  engineering  in  the  Mechanical 
Engineering  Department,  but  the  ocean  engineering  courses  will  then  still  be  given  by 
the  faculty  in  the  present  Naval  Architecture  and  Offshore  Engineering  Department. 
It  would  perhaps  be  more  meaningful  to  include  here  the  curriculum  as  it  was  several 
years  ago  at  Berkeley  -  and  maybe  at  all  of  the  other  schools,  since  graduates  that 
completed  those  curricula  are  the  ones  now  among  the  practicing  naval  architects  in 
the  marine  industry  -  but  this  project  is  intended  only  to  evaluate  education  in 
marine  structures  as  it  exists  now  and  to  make  recommendations  that  could  be 
carried  out  only  in  the  future.  That  curriculum  at  Berkeley  was  not  too  different  fi-om 
that  shown  in  the  figime  and  also  then  included  fewer  professional  courses  than  those 
at  Webb  or  Michigan  or  New  Orleans. 

TTnited  States  Coast  Guard  Academy 


At  the  Coast  Guard  Academy  the  major  of  interest  is  accredited  as  in  naval 
architecture  and  marine  engineering  combined,  as  noted  above  has  been  the  case 
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CHART  OF  THE  UNDERGRADUATE 
ENGINEERING  CORE  PROGRAM 


1 

2 

c,s. 

C.S. 

1112 
M£CH.  1 

2205 

CHEM.  4  PMY. 

Of  ENG.  MAT.  1 

1333 

BASIC  ELEC. 
CONC.  CIRC. 

2312 

MECH.  1 

1404 

UN.  ALG. 

2420 

STRUCT. 

PROGRAMM. 

1412 

IffTERMeO. 

CALCULUS 

2421 

PROS.  4 
STATISTICS 

1502 
ENGIN. 
DESIGN  1 

2502 

ENGIN. 

DESIGN  M 

100W 

SOFTWARE 

APPL. 

7 

I 

7021 

PRROPUt'N. 

IFFtCICNCV 

too« 

floating 

OCN.  STRUC. 
0ESK3N 

■BSBi 

8044 

MAINTENANCE 
ENGR.  SYS. 

7t24 

AVTOfAATiC 

COMTROi 

•os« 

sueMCRsieiES 

DESIGN 

7012 

HYOROeuSTICtTV 
*  CONTROL  Of 
OCfAN  VEHKICS 

8062 

MARINE 

PRODUCTION 

MANAGEMENT 

806$ 

SHIP  OPERN. 
MANAGEMENT 

CHA^T  Of  JHt  NAVAL  ARCHlTCCTUftAL  CNGINCfRINO  CURRICULUM 


3 

4 

1 

8 

7 

8 

3102 

KVAT 

4102 

ENGINEERING 

ECONOMICS 

C.8. 

6101 

ASSESS.  OP 
TECHNOLOGY 

T.E. 

f.E. 

120S 

CHEM  4  PHY. 

OF  ENG.  MAT.  II 

4312 

MECHAN<S 
SOLIDS  1 

4112 

MCCHANtCS 

SOUOSH 

8041 

MARINE 

ENG.  SYS.  I 

T.I. 

T.I. 

3312 

MECHANICAL 

in 

4321 
THERMO¬ 
DYNAMICS  1 

4142 

FLUIDS  1 

6002 

SHIP  HULL 
STRENGTH 

7002 

SHIP6TR. 

DESIGN 

sooo 

N.A.E.  PROJECT 

3411 

APPt.  CXff. 
EQUATIONS 

4422 

NUMERICAL 

METHOOS 

S412 

ADVANCED 

CALCULUS 

6012 

SHIP  HULL 
VISRATIONS 

7081 

$H# 

0YNAMIC6 

SOU 

MARINE 

HYDRODYNAMICS 

3841 

CLCCT/MCM 

CONVRSN 

4822 

MECHANICAL 

DESIGN 

soil 

RESTNCe 

4  PROPN  1 

SS71 

PHYSICAL 

METALLURGY 

704S 

MARINE 

ENG  SYS  N 

4022 

DESIGN 

OPTIMIZATION 

10S2 

SHIP 

OESION  1 

4011 

SHIP 

STATICS 

6081 

SHIPPROON 

MQMT 

8868 

ELECT.  fO« 
NON  E.E. 

7051 

SHIP 

DESIGN  V 

40S4 

ADVANCED 
MARINE  VEHICLES 

NOTI:  A  wor«(thop  oouf  lltCW)  it  *0  prior  to  tho  aton  of  tho  tomooior 


FIGURE  4.  THE  MEMORIAL  UNIVERSITY  OF  NEWFOUNDLAND  PROGRAM 

(REPRODUCED  FROM  THE  FACULTY  OF  ENGINEERING  AND  APPLIED 
SCIENCE  1994-95  "CALENDAR") 
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I  Pru;iraiii  lii  NaVal  Arcliilvdiii'e 

120 1  nil 

Effective  fill  1994.  idnusskm  to  the  undcr^riduite  Nivil  Architecture 
degree  prognun  was  closed.  Cooud  the  Student  Affairs  Office  foe 
more  informiiioo.  Students  admitted  before  fall  1994  should  complete 
the  following  program. 

Frfshman  Year 

Fall  Spring 

Math  lA,  IB,  Calculus 

4 

4 

Chemistry  1  A,  General  Chemistry 

4 

- 

Physics  7A.  Physics  for  Scientisu  and  Engineers 

- 

4 

Engirt  28,  Engineering  Graphics 

3 

• 

Nav  Arch  10,  Ship  Systems  (recommended,  noi 
required) 

3 

♦Electives 

4 

4 

Total 

15 

15 

Sophomore  Year 

Math  50A,  SOB,  Differential  Equations,  Linear 
Algebra,  Multivariable  Cakulus 

4 

4 

Physics  7B,  7C.  Physics  for  Scientists  and  Engineers 

4 

4 

Engin  36,  Engineering  Mechanics  1 

• 

2 

Engin  45.  Properties  of  Materials 

3 

• 

Engin  77,  Problem  Solving  Using  Computers 
(FORTRAN) 

• 

3 

*Electives 

- 

6 

Total 

14 

14 

Junior  Year 

Mcc  Eng  104.  Engineering  Mechanics  n 

3 

• 

Mcc  Eng  106.  Fluid  Mechanics 

- 

3 

Mec  Eng  105,  Thermodynamics 

- 

4 

Qv  Eng  130,  Mechanics  of  Matcriab 

• 

3 

Nav  Arch  151,  Stalks  of  Naval  Architecture 

4 

• 

Mec  Eng  133,  Mechanical  Vibratioos 

• 

3 

Star  25,  IntroductioQ  to  Probability  aixl  Statistics  for 
Engineers 

3 

• 

EECS  100.  Electronic  Techniques  for  Engineers 

4 

- 

♦Electives 

- 

3 

Tout 

14 

16 

Senior  Year 

Nav  Arch  I52A,  I52B.  Ship  Dynamics 

3 

3 

Mcc  Eng  I07A.  Experimcnuiioo  and  Measurement 

3 

■ 

Nav  Arch  154.  Ship  Structures 

3 

• 

Nav  Arch  I55A.  I55B.  Ship  Design 

4 

4 

Civ  Eng  167,  Engineering  Project  Management 

- 

3 

•Electives 

3 

4 

Total 

16 

14 

•Elcctivrv  musi  inctudc  sU  coun«  of  kist  3  units  each  in  the  humvuues  and  social 
studies  selected  from  an  appro>eJ  list  of  courses.  Of  these  at  least  one  >:0Mrse  must  be  a 
compostbon  course  taken  from  the  cunrtu  approved  list  of  courses  See  List  E  of  the 
Humanities  and  Social  Studies  'eciioo  on  pate  9  One  sTourse  must  tl'O  lelected  from  Nlec 
Enf  IM.  163.  or  Civ  En*  l2tlN 


FIGURE  5.  THE  UNIVERSITY  OF  CALIFORNIA  -  BERKELEY  PROGRAM 

(REPRODUCED  FROM  THE  FACULTY  OF  ENGINEERING  1995-96 
"ANNOUNCEMENT) 
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at  several  of  the  other  schools,  but  only  four  program-defining  courses  are  required. 
And  though  all  of  the  topics  that  are  covered  in  the  other  programs  are  dealt  with  to 
some  extent  in  the  first  two  courses,  their  treatment  just  cannot  be  as  thorough  or  as 
at  several  of  the  other  schools,  but  only  four  program-defining  courses  are  required. 
And  though  all  of  the  topics  that  are  covered  in  the  other  programs  are  dealt  with  to 
some  extent  in  the  first  two  courses,  their  treatment  just  cannot  be  as  thorough  or  as 
deep.  The  curriculum,  shown  in  Figure  6,  culminates  in  a  principles  of  design  course 
and  the  capstone  one  entitled  Ship  Design/System  Integration  that  does  view  the  ship 
as  a  system  and  presumably  does  "integrate"  economics  and  construction  and  other 
considerations  with  design  decisions  much  as  implied  in  the  currently  comprehensive 
and  fashionable  approach  entitled  concurrent  ship  design.  The  marine  engineering 
content  of  the  program  is  for  the  most  part  included  in  courses  offered  by  the 
mechanical  engineering  staff  of  the  Engineering  Department. 

United  States  Naval  Academy 

The  two  Naval  Academy  majors  of  greater  interest  to  this  study  are  those  in 
naval  architecture  and  in  ocean  engineering,  that  in  marine  engineering  seemingly 
being  less  total  ship  or  offshore  platform  focused  and  more  representative  of  the 
distinct  marine  engineering  options  that  once  existed  at  several  of  the  other  schools. 
The  ocean  engineering  majors  must  complete  a  series  of  courses,  given  in  Figure  7, 
that  comprehensively  treat  ocean  systems  as  engineering  systems  and  the  emphasis 
is  not  as  much  on  physical  oceanographic  processes  and  experimentation  as  is 
characteristic  of  some  other  ocean  engineering  cvuricula.  Those  students  majoring  in 
naval  architecture  complete  a  curriculum,  also  shown  in  Figure  7,  not  unlike  those  at 
Webb,  Michigan,  New  Orleans,  and  Memorial  in  structure  and  sequence,  and  in 
content.  They  are  also  offered  a  wide  array  of  technical  electives,  including  for 
example  one  devoted  to  the  naval  architectural  aspects  of  submarine  design  and 
another  covering  such  advanced  marine  vehicles  as  hydrofoils  and  submersibles  and 
ground-effect  machines.  The  analysis  and  design  of  foils  (i.e.,  hydrofoils)  is  dealt  with 
in  a  course  that  treats  marine  propellers  as  well,  using  lifting  line  and  lifting  surface 
theories.  A  course  entitled  Advanced  Methods  in  Ship  Design  and  another  called 
Analytical  Applications  in  Ship  Design  and  other  electives  clearly  establish  that  even 
though  the  program  at  Annapolis  is  obviously  only  for  undergraduates  it  does  not 
suffer  in  comparison  with  the  undergraduate  programs  at  other  schools  where  the 
existence  of  a  graduate/research  program  and  utilizing  the  same  faculty  in  both 
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FALL  SEMESTER 

FOURTH  CLASS  YEAR 
0901  Academic  Orientation 
2111  English  COmp  and  Speech 
3111  Calculus  I 
5102  Chemistry  I 
7102  Found  of  Computer  Sci 
8111  Organlzadonal  Behavior 
-  Physical  Education 

THIRD  CLASS  YEAR 
1202  Sutics 
2293  Morals  and  Ethics 
3211  Multivariable  Calculus 
5262  Phy«csl 
6214  Nautical  Science  11 
8201  Leadership  I 
-  Physical  IMucatioa 

SECOND  CLASS  YEAR 
1211  Dynamics 
1220  Electric  Circuits  and 
Machines 

1340  Fluid  Mechanics 
1351  Thermodynamics 
6316  Nautical  Science  m 
-  Physical  Education 

FIRST  CLASS  YEAR 
1442  Principles  of  Ship  Design 
1453  Ship  Propulsion  Design 
2391  Le^  Systems 
5330  Oceanography 

-  Major  Area  Hcctive 

-  Physical  Education 


SPRING  SEMESTER 


0903  Academic  Orientation 
1112  Intro  to  Engr  and  Design 
2123  Intro  to  Literature 
3117  Calculus  D 
5106  Chemistry  II 
6112  Nautical  Science  I 
-  Physical  Education 


1204  Engineering  Materials  Sci 
1206  Strength  of  Materials 
2241  HUtoryoftheU.S. 

3215  Differential  Equations 
5266  Physics  II 
8203  Leadership  II 
-  Physical  Mucatioo 


1342  Princ  of  Naval  Architecture 
1353  Thermal  Systems  Design 
1459  Heat  Transfer 
2263  Anterican  Government 
34 1 5  Adv  Engineering  Math 
-  Physical  Education 


1444  Ship  Dcsign/Syslcm  Integ 
2493  Maritime  Law  Enforcement 
64 1 8  Nautical  Science  IV 
831 1  Economics 

-  Free  Elective 

-  Physical  Education 


FIGURE  6.  THE  SCHEDULE  OF  CLASSES  AT  THE  U.S.  COAST  GUARD  ACADEMY 
(REPRODUCED  FROM  THE  1994-95  "CATALOGUE  OF  COURSES") 
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Naval  Architecture  Major 


Currtnaun  l<^uk«s«nb  Qb  wldWoB  to  th*  rtquimwnto  of  eitbt  rmr) 

ivofciiaoMr  Ntaa.  Nua.  Nuwjfhooa  now.  NSfOX; 

tfirtimltorgOgSMai; 

Sd«crSnil,Sni% 

HimuabK  HK»,  HH2»  pfiM  two  «i«ctiv<K 

En(fa>ce«H:  CE»I,  EEU2.  EM2II.  EM3I7,  EM232.  EM3t«.  ESXOl  GSflft 

Mtior  E704Sv  EhOC  EN3S3.  EN3M.  EN3«.  EN4SS.  E^Mn.  ENCI.  plu«  two  MiorolKtim 

irVt  ClBCDvt> 


REQUIREO  COURSES; 

Oceon  Syttems  Engineeflng 
Strength  of  MofenoU 
ThormocTyrwnic* 

FKid  Oyromict 

Naval  Motenob  Science  and 

Engineering 

Ship  Hy<*odvrKJfT»c»  ortd  Stablity 
Re$btonce  and  Propulsion 
Seoiceepino  and  Maneuvering 
Ship  StiucKres 
Ship  Design  I &l 


ElfCnVE  COURSES: 


Analytical  Appicolion*  in  Ship  Design 
Advarx:ed  Ship  Structures 
Ship  Vibrotkxrs 

Advanced  Methods  in  Ship  Design 
Hydrofoi  orrd  Propeler  Design 
Advanced  Morirre  Mshictes 
Submarine  Design  Aryiysb 
Enaineering  Economic  Anotysb 
trroependent  Research  Projects 


Ocean  Engineering  Major 

Cvrrioilai  Rc^tilitinctib  (In  td<lition  to  the  re^uiretrwnls  of  piche  year) 
ProfeuiOMl:  NUfS.  NL3(n>fL400.  NNTOO,  NS}ia  NSMX; 


Mathetnetia:  SM2t2.  SM221: 
SdcKe;SniI,SRt2; 

REQUREDCCXiRSES; 

Ocean  Systems  Engineering 

Strength  of  Moterioa 

Iherrnodynamics 

Aid  Dynamics 

Novcf  Materiab  Science  and 

Engineering 

Inttoductlon  to  Oceonogrqphy 
Ocean  Engineering  Structures 
Ocean  Engineering  Mechonics 
Ocean  Systems  Englneeri^  Design  I  &  I 


ELECTIVE  COURSES: 

Mksocomputer  Aided  Engineering  ond 
Des^ 

Morvre  Power  Systems 

Coastal  Engineering 

Underwater  Work  Systems 

Erigirreetlng  Ecorromic  Arviytis 

Ufe  Support  Systems 

Design  of  Fourxlaliora  for  Ocean 

Stiuctares 

Underseo  Power  Systems 
Design  of  Rooting  Ptattarms 
Envvonmentol  Engineering  in  the  Oceorrs 
Indeperrdent  Research  Projects 


Marine  Engineering  Major 


Canrtcalua  Rc^bvmnUs  On  addition  to  the  fcquimncms  «f  pttbc  ytsf) 

IVofessmJ:  NUCO,  NUOZ.  NLfOOJVNJOO,  NS310,  NSMX; 

Mathematics:  SM21 2.  SMZn.  SM311; 

SdencrSRlt.SRtZ; 

Humandies:  HH20S,  HH20S  and  two  electives; 

Eofinecrinc;  EE331,  EE332.  EM2I1.  EM217,  EM232.  EX019,  EM324.  ES300,  ESSlOe 

Major  EN24S.  EN36t,  EN362.  EN3«0,  EN443.  EN460,  EN4U,  ENf67.  phis  two  major  electives;  one 

free  elective. 


REQUREDC(DURSE$: 


ELECTIVE  COURSES: 


Ocean  Systems  Engneerirrg 

Strength  of  Materiab 

Thermodynamics 

Aid  Dynamics 

Naval  Material  Scierrce  and 

En^neerra 

Errgirreering  Mathematics 
Marire  Pov^  Systems 
Thermal  Engineering 
Reoctor  Physics  I  aI 
Motirre  Engineering  Design  I A  n 


Resbtorce  and  PropJsion 
Ship  Vbrations 
Underseo  Power  Systems 
Computer  Methods  in  Nucleor 
Engineering 

Nuclear  Eri^gy  Conversion 
Irtaeperrdent  Research  Projects 


FIGURE  7.  PROGRAM  AT  THE  U.S.  NAVAL  ACADEMY  (REPRODUCED  FROM  THE 
1993-94  "CATALOG"  AND  A  NAOME  DEPARTMENT  PAMPHLET) 
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preparing  undergraduate  courses  and  teaching  them  conciurently  with  their  efforts 
on  behalf  of  the  graduate/research  program  often  has  some  benefit  in  attaining  and 
maintaining  a  somewhat  higher  level  of  quality  and  treatment  than  would  otherwise 
be  possible. 

Vir^*nia  Poivt-echnic  Institute  and  State  University 

At  Virginia  Tech  the  program  designated  as  being  in  ocean  engineering,  shown  in 
Figure  8,  does  concentrate  more  on  the  engineering  aspects  of  marine  vehicles  and 
marine  structures  than  on  the  ocean  environment  and  such  physical  processes  as 
estuary  hydrodynamics  and  sediment  transport,  although  the  students  are  required 
to  complete  a  course  in  physical  oceanography  offered  by  the  Geological  Sciences 
Department.  Enough  traditional  naval  architectural  considerations  are  included  in 
the  undergraduate  curriculum  generally  and  in  several  courses  specifically  to  suggest 
that  graduates  of  this  program  should  indeed  be  as  well  prepared  for  practicing 
professionally  in  the  same  areas  of  the  marine  industry  as  are  those  from  programs 
advanced  as  being  for  those  interested  in  becoming  naval  architects.  Marine  design  is 
treated  as  a  process  based  on  many  the  same  considerations  that  would  be  involved  if 
the  system  of  concern  were  for  operation  in  the  atmosphere  or  in  space;  and  many  of 
the  prerequisite  analysis  courses  in  for  example  dynamics  and  structures,  that  must 
be  completed  before  the  capstone  design  course  in  the  fourth  year,  present  the 
material  in  such  a  basic  manner  that  it  is  more  universally  appUcable  even  though 
the  particular  applications  are  in  just  aerospace  or  ocean  engineering. 

Massachusetts  Institute  of  Technology 


The  MIT  bachelor's  degree  program  in  ocean  engineering  known  as  Course  XIII 
is  defined  in  Figure  9,  but  the  format  shown  as  it  is  presented  in  their  bulletin  does  not 
include  a  representative  or  suggested  schedule  of  the  courses  to  be  taken  each  term 
(as  given  for  the  other  schools)  and  hence  the  sequential  structure  can  only  be 
envisioned  by  combining  the  courses  in  the  subjects  included  as  General  Institute 
Requirements  with  those  11  courses  listed  for  this  specific  program  plus  some 
number  of  approved  elective  courses  -  restricted  and  unrestricted.  It  is  apparent, 
however,  that  individual  students  can  with  faculty  guidance  fashion  a  program  that 
could  be  somewhat  more  specialized  than  is  the  situation  at  any  of  the  other  schools 
considering  the  very  large  number  of  courses  offered  by  the  Ocean  Engineering  and 
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First  Y««r 

First  year  students  are  admitted  in  General  Engineering,  the 
common  fieshman  engineering  program  for  engineemg 
curricula.  This  program  provides  time  for  the  students  to  adjust 
to  the  college  and  to  select  the  branch  of  engineering  in  which 
they  are  most  interested.  At  the  end  of  the  year— after  additional 
counseling,  contacts  with  the  various  departments,  and  satisfac¬ 
tory  progress — students  make  a  selection  and,  if  academically 
eligible,  ate  transferred  to  the  curriculum  of  their  choice. 


FIRST  YEAR 
First  Semtt$tr 

Cbem  10)5:  General  Chemistry  3  (3) 

Chem  104$:  General  Chcmisliy  Ub  2  (I) 

EF  IOOS:lnboducdoa  to  Engineering  3  (2) 

Engl  1 10$:  Freshman  English  3  (3) 

Mathl20$:Calcul«l  3  (3) 

Malhlll4:LioearA%ebra  2  (2) 

Elective  (I) 

Credits  (1$) 

Second  Semesitr 

Cbem  1036:  Genenl  Chemistry  3  (3) 

Chem  1046:  Geoeni  Chemistry  Ub  2  (1) 

EF  1006:  Intnxhictioo  lo  Engineehnf  3  (3) 

ESM  1004:  Sutks  3  (3) 

Engl  1106:  Freshman  Eii|lish  3  (3) 

Math  1206:  Calorfttsl  3  0) 

Mach  1224:  Vector  Geometry  2  (2) 

Credits  (IS) 


0<re«n  Enslneertns  Pro^rmm 


SECOND  YEAR 
flnt  Semester 


ESM  2004:  Mechanics  of  Deformable  Bodies  3 

(3) 

Mach  2224:  Multivariable  Calcuhs 

3 

(3) 

Phys  2175:  Physics  1 

3 

0) 

ISE  2014:  Engineering  Ecooomy 

2 

(J) 

ESM  3074:  Computational  Methods 

3 

(3) 

Core  ekedvt  * 

(3) 

Credits 

(13) 

Second  Semester 

ESM  2304:  Dynamics 

3 

(3) 

Math  2214:  Differendal  Eqs. 

3 

C3) 

Pliys  2176:  Physics  0 

3 

(3) 

EE  3064:  Electrical  Theory 

3 

(3) 

AOE  3204:  Ship  Hydromechanks 

3 

(3) 

Core  elective^ 

(3) 

Credits 

(ID 

THIRD  YEAR 

first  Semester 

AOE:  3014  Aero/Hydrodyonks 

3 

(3) 

AOE:  3024  Thin  Walled  Structures 

3 

0) 

AOE:  3034  VibraCioQ  and  Coocrol 

3 

0) 

ME:  3t34Tbennodynafltki 

3 

(3) 

Mach:  4564  Operati^  Methods 

3 

CT 

Geol:  4104  Pl^ical  Oceaoognpby 

3 

(3) 

Credits 

(ID 

Second  Semester 

AOE  3054:  Instrumentacioa  and  Ub 

4 

(2) 

AOE  3214:  Fundamenlab  of  Ocean  Engineering  3 

(3) 

AOE  3224:  Ocean  Structures 

3 

(3) 

AOE  3254:  Ship  Dynmiks 

3 

(3) 

AOE  4244:  Marine  Engmeermg 

3 

(3) 

MathEkedvt 

3 

0) 

Credits 

(ID 

FOURTH  YEAR 
First  Semester 


AOE  3044:  Boundary  Uyer  and  Heal  Transfer  3 

(3) 

AOE  4065:  Design 

5 

0) 

AOE  4214:  Wave  Mechmks 

3 

(3) 

AOE  4254:  Ocean  Engineering  Ub 

3 

(1) 

Technical  Eketive 

(3) 

Core  elective  • 

3 

0) 

Second  Semester 

Credits 

(ID 

AOE  4066:  Design 

5 

(3) 

Technical  Electives 

(D 

Core  elective  • 

(3) 

Free  Electives  and/or  core  area  7 

(3) 

Credits 

(IS) 

*  Alt  students  must  take  6  credits  each  from  Areas  2  and  3  of  the 
Uftiversity  Core  Currkulunt  The  College  of  Engineering  requires 
that  6  of  these  12  credits  be  at  of  above  the  2000  level  and  6  must 
be  in  a  single  discipline.  Students  graduating  in  199S  or  later  must 
also  satisfy  Area  7  or  the  Core  Some  Aki  7  courses  may 
simultaneously  satisfy  Core  Area  2  or  3  or  other  elective  needs 


FIGURE  8.  THE  PROGRAM  AT  VIRGINIA  POLYTECHNIC  INSTITUTE  AND  STATE 
UNIVERSITY  (REPRODUCED  FROM  THE  1994-95  'UNDERGRADUATE 
COURSE  CATALOG  AND  ACADEMIC  POUCIES") 
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Bachelor  of  Scfonc#  In  Ocowi  Enfllnooring 
Courto  Xill 

CtASS  Of  1»7  or  lilir  Noitt  Oft  Court#  W  b*l(M 


0«n#rif  Intttut#  fteqUHmoort  CCMIta) 


•ub|«<t# 


Sdoftc#  R«quir#m#ftl  * 

fW*trtcl#d  OoctK#*  »n  Sdoftt#  iftd 

•  fhw  tutjocrt  c#ft  b#  MlWWO  «fw  tfr^^ 
2o16.071.  U  OO.iftd  11010  Of  11016  lftlh#0#p«tm#f«il 
Pio^l  ^ 

Ut)0f1d0fyPI•<^J*rtft^ 

and  11016  In  tf«D#{»#rinM(iCilPfOorM  1 


TM  om  tubfacta  RaquM  far  1.1.  Dagraa 

17 

PUIS 

OapartmanltlProgrifii 

UnRt 

SuWOcf /iirnoi  6#to(r  Of#  ty  er#dl  into  #o6  ir 

pm9qJisH$iwv(GonqtMiMmlnnMG$) 

fW^*#tf«ub|#cto*  1M 

1100  OiV#f#nOH  CquiflOftt.  12.  P£ST.  10.02* 

11010  WiO(3ocOooloOc##«Sd#ftc#ift^ 

12.  REST.  101. 16.02 

11012  FMd  MocftMiic#  tor  Oo#«n  Enotnoon,  11 10010. 

16.0S 

2.01  Mocftanic#  or  SoM.  12.  REST  6.01. 1102 
11014  Mailn#  SOucbir##  and  Molaftali.  11 101. 16.00 
10.010d  OyftAmfca.  11 2J0f,  102. 1103* 

11016  M#I^MTMOcirM•0»d#lnOCMft£A0«n•«1^ 

1103 

11016  MoductlOfttoO#orn#tr1cMod#fllnoiftd 
Cofnp(4«Son.  11  REST.  601. 16.02 

1071  ElftCOOftIc#  M  IntfftjmtfttaOoft.  11  REST.  1101. 
102 

11017  OMign  of  Oc##ft  Syft#<m  1. 11  tAl  101. 11016. 

non 

11016  OiilonorOcMftSyfltfml.  11LA16071. 
11017 


A##tffe1#d  EMM#  66 

Tb#  tcudani  tft#  h«1p  or  ttrt  ad^  fTMl  pfop^ 

pn^gnun  or  ftoi  l#«*  tbaft  41  un«t  In  an  araa  of  ooMft 

Ina  TM>  pnvam  must  0#  apprcvad  by  tb#  OcMn  EnQir>#«ift9 

UfKlargradi^  Program  ConvrrfR##  and  mus^ 

12  urA  or  an  irtlMduat  r#a*arcf«  cr  dasign  profacL 


Da^artmaoCjlProgramtriumaialaoutiaiytMOIRa  p6) 


Unrtatrfctad  Cl#c1tm#  46 


Total  Ur«t  Bayood  ttt#  OiRa  lU^ultd  for  6.1  Dtgrt#  161 

Nk>  auO^Pcf  can  b#  oooniad  boll  at  part  of  th#  1 7-#t*l#ci  0«i 
Maspart  ofih#  106unit»roqirtr#db#yondift#GiRs. 
autted  m  m#  ttudam’i  dapartmontal  program  ««  court  toward 
on#  or  th#  o(h#r.  burnor  bom. 


N«6###nOe(n#XII 

CUSS  OF  1«7  rt  lai#r  Tito  8d#ft«  R#<bllf#ft^ 
al  «ub1#<ti  irth  tfto  addnoft  rt  aiotogy  a#  a  OR  and  m#  REST 
fUqyirarTtort  dacroaa##  twi  tm  aubtacrt  tolMto.  kaapfng  tw 
lotrt  rwftbar  of  OAa  ooftrtart  1 17. 

MIDI  Of  iitothar  •cortoftto  lobjart  la  flror^ 
trt  Humai«l«i  Arta.  arto  Sootar  klafto##  Ra(^it#rrMrt 
WKmar  aubjact  In  m#  «#«  cT  •coflomlct  and  managarnaft  1 
itoC  lrK«ud#d  to  ma  afacma  prograrn. 

>8twdanrt  rrtoat  racaArt  a  grada  or  C  or  baoar  In  oora  n26acft 
wNci)  a#fv#  at  pfar#QirtaJi#a  rthif  dapTMimartal  cor# 
aubjacta  t#Rx»  conaf>utoQ  h  Bto  d#partmartal 

•Mamala  praraQuIaHaa  an  litid  to  to#  atAfacI  daaof^pOon. 

•*Tlto  REST  RaqUrarnart  tsrrrrtfV  calW 
Dtoblbutfon  Ra<^4rfrTtori  Sat  Cftaplar  ■  to 
t*  and  oOtof  totfliuia  laduNmanR 


BMlwtor  of  SelMC*  In  Oe««n  EnglnMilns 
COUTM  XIII*C 


Coure«  XIII-C  I*  an  Enginearing  Intomthip 
Progi^  that  •rutrfes  cbxienis  to  cxxnbira 
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Graduate  ScJxjol  tooKin  toe  Bechetof  of 
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acrtbed  In  detal  in  toa  School  of  Engtoeertng 
aecflon. 
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tor  entrance  to  toe  program.  Alternating  pertooe 
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The  Course  XIII-C  program  leading  to  toe 
Bachelor  of  Science  in  Ocean  Engineering  is 
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neer^  and  Technology. 
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unlit  of  IndMdual  research  or  desgn  project  in 
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the  other  departments  at  MIT,  even  though  many  of  these  would  not  normally  be 
open  to  undergraduates.  It  should  be  noted  that  the  required  program  courses  include 
one  entitled  Fluid  Mechanics  for  Ocean  Engineers  and  another  named  Introduction  to 
Geometric  Modeling  and  Computations  that  are  among  those  offered  by  the  Ocean 
Engineering  Department  and  by  its  faculty  members,  even  though  the  general  topics 
are  obviously  of  interest  to  the  programs  in  other  engineering  disciplines.  The  luxury 
of  a  larger  faculty  at  MIT  and  elsewhere  evidently  permits  such  tailoring  of  the 
presentation  of  basic  material  to  the  needs  of  a  single  program,  and  the  benefit 
derived  is  obvious.  It  should  also  be  noted  that  the  sohd  mechanics  covu^e  required  is 
that  offered  by  the  Mechanical  Engineering  Department,  however,  as  is  that  in 
electronics  and  instrumentation,  much  as  they  are  at  other  schools.  The  "units” 
assigned  to  each  course  are  the  total  of  the  number  of  hours  of  lecture  or  recitation, 
the  number  for  laboratory  or  field  work,  and  for  preparation,  one  unit  normally 
representing  foxuteen  total  hours  of  work  for  the  term.  The  Design  of  Ocean  Systems 
I  and  II  courses  are  thus  three  plus  four  plus  five  and  one  plus  four  plus  seven, 
respectively,  and  are  similar  to  the  capstone  design  sequence  in  most  other  programs 
of  interest  here  in  that  the  design  process  is  taught  in  the  first  but  in  the  second,  at 
MIT,  the  student  design  projects  are  not  usually  ships  or  platform  but  smaller 
systems  (such  as  experimental  apparatus)  and  are  often  actually  constructed  and 
operated. 

Texas  A&M  University 

While  the  undergraduate  curriculum  in  ocean  engineering  at  Texas  A&M  is 
representative  of  those  programs  designated  as  in  ocean  engineering  elsewhere, 
including  as  it  does  courses  in  wave  mechanics  and  other  aspects  of  physical 
oceanography  along  with  those  in  basic  coastal  engineering  and  even  hydroacoustics, 
it  also  includes  the  mathematics  and  mechanics  and  the  other  engineering  science 
subjects  that  are  included  in  the  early  years  in  naval  architecture  and/or  marine 
engineering  curricula  or  those  of  aerospace  or  civil  or  mechanical  engineering.  It  is 
shown  in  Figure  10.  Perhaps  because  of  the  close  relationship  with  civil  engineering 
there  and  the  basic  structures  courses  required  for  that  discipline,  however,  ocean 
platforms  of  various  t3rpes  are  the  focus  of  several  individual  courses  and  the  one 
entitled  Dynamics  of  Offshore  Structures  introduces  loading  prediction  and  the 
concepts  of  linear  structural  dynamics  as  well  as  dealing  with  mooring  and  towing 
analyses  for  example.  The  Basic  Coastal  Engineering  course,  OCEN  400,  deals  with 


-25- 


Undergraduate  Degree  Program 
B.S.  in  Ocean  Engineering 


Freshman  Year 

First  Semester  Cr'" 

CHEM  102  Fund,  of  Chcm  IP  3 

CHEM  n2Fund.ofChem  LablP  1 

ENDG  105  Engineering  Graphics  2 

ENGL  104  Comp.  &  Rhetoric  3 

MATH  151  Engr.  Mathematics  P  4 

Directed  elective*  3 

Militar)-,  air  or  naval  science^ 

PHEd’i99  J. 

17 

Second  Semester  Cr* 

ENGR  109  Engineering  Prob. 

SoKing  &  Computing  3 

MATH  161  Engineering  Math  11  3 

PHYS  218  Mechanics  4 

Directed  electKe*  6 

Militars.  air  or  naval  science* 

PHED'i99  J. 

17 

Sophomore  Year 

First  Semester 

MATH  251  Engr.  Math  III  3 

MEEN  212  Engr.  Mech.  I  3 

OCNG  401  Intro,  to  Oceanography  3 

PHYS  208  Electricity  &  Optics  4 

Directed  elective*  3 

Military,  air  or  naval  science* 

PHED‘i99  _[ 

17 


Second  Semester  Cr* 

CVEN  205  Engr.  Mech.  of  MtU.  3 

MATH  308  Differential  Equations  3 

MEEN  213  Engineering  Mech.  II  3 

OCEN  201  Intro,  to  Ocean  Engr.  2 

Directed  electives*  6 

Military,  air  or  naval  science* 

PHED 199  J 

18 

Junior  Year 

First  Semester  Cr* 

CVEN  311  Fluid  Dynamics  3 

CVEN  336  nuidDyn.Ub  1 

CVEN  345  Theory  of  Structures  3 

GEOL  320  Gcol.  for  Civil  Engrs.  3 

MEEN  327  Thermodynamics  3 

Directed  elective*  J 

16 

Second  Semester  Cr* 

CVEN  302  CompAppl.in  Engr.&  Con.  2 

CVEN  365  Geotechnical  Engr.  3 

ENGL  301  Technical  Writing  3 

OCEN  462  Hydromechanics  3 

OCNG  410  Intro,  to  Phys.  Ocn.  3 

OCEN  300  Ocean  Engr.  Wave  Mech.  j 

17 

Senior  Year 

First  Semester  Cr* 

ELEN  306  Elec.  Circuits  &  Instrum.  4 

OCEN  301  Dyn.  of  Offshore  Structures  3 

OCEN  400  Basic  Coastal  Engr.  3 

OCEN  401  Underwater  Acoustics  for 
Ocean  Engineers  3 

OCEN  481  Seminar  1 

Technical  elective*  _2 

17 

Second  Semester  Cr* 

CVEN  321  Materials  Engr.  3 

OCEN  407  Dcs.  of  O.E.  Facilities  4 

OCEN  410  Ocean  Engr.  Lab.  1 

Directed  elective  *  3 

Technical  electives*  _6 

17 


FIGURE  10.  THE  PROGRAM  AT  TEXAS  A&M  UNIVERSITY  (REPRODUCED  FROM  AN 
UNDATED  BOOKLET  "OCEAN  ENGINEERING  AT  TEXAS  A&M 
UNIVERSITY') 
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such  usual  coastal  engineering  topics  as  seawalls  and  breakwaters  but  also  is 
concerned  with  offshore  pipelines  and  dredging  and  control  of  oil  spills  -  topics  included 
in  what  are  designated  as  elective  ocean  engineering  courses  at  only  several  of  the 
other  schools.  There  is  a  single  course  entitled  Principles  of  Naval  Architecture 
available  as  an  elective,  and  the  content  is  much  like  the  introductory  courses  at  the 
other  schools  but  does  seem  to  be  the  only  one  dealing  specifically  with  ships. 

Florida  Atlantic  University 

The  other  two  ocean  engineering  undergraduate  programs,  at  Florida  Tech  and 
Florida  Atlantic,  are  reasonably  similar  to  that  at  Texas  A&M  as  comparison  of 
Figures  11  and  12  with  Figure  10  will  demonstrate,  but  Figure  11  shows  that  the 
curriculum  at  Florida  Atlantic  does  allow  for  specialization  in  any  of  the  five  areas  of 
concentration  by  means  of  four  technical  electives.  This  is  an  arrangement  common 
in  many  undergraduate  civil  engineering  programs,  one  of  the  areas  always  being  in 
structures,  another  almost  always  in  materials,  and  the  rest  varying  with  the 
different  schools  but  more  and  more  including  recently  one  named  environmental 
engineering.  It  should  be  noted  that  the  area  in  fluids  (parallel  to  one  often  found  in 
civil  engineering  named  hydraulics  or  hydrological  engineering)  at  Florida  Atlantic 
includes  two  courses  called  Ship  Hydrodynamics  I  and  II,  and  these  and  several  of  the 
structures  coiirses  do  indeed  include  considerations  of  ships  and  offshore  platforms  as 
well  as  submarines  and  submersibles.  The  basic  mechanics  courses  -  in  statics, 
strength  of  materials,  djoiamics,  and  fluid  mechanics  -  and  those  in  engineering 
materials  and  thermodynamics,  the  basic  engineering  science  courses  required  in  all 
undergraduate  programs  in  the  mechanics-based  disciplines,  are  offered  by 
Department  of  Ocean  Engineering  at  Florida  Atlantic  and  hence  can  presumably 
include  some  ocean  engineering  applications.  The  undergraduate  enrollment  is 
evidently  large  enough  to  permit  this,  and  the  benefits  are  obvious.  Note  also  in 
considering  Figure  11  that  at  Florida  Atlantic  the  fall  and  spring  terms  are  regular 
semesters  but  the  summer  term  is  only  about  six  weeks  in  length. 

Florida  Institute  of  Technology 

Florida  Tech's  undergraduate  program  is  in  some  ways  less  comprehensive  than 
that  at  Texas  A&M  and  Florida  Atlantic,  but  with  a  somewhat  smaller  faculty  and 
somewhat  fewer  students  the  basic  engineering  science  courses,  for  example,  are  with 
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FIGURE  11.  THE  CURRICULUM  AT  FLORIDA  ATLANTIC  UNIVERSITY  (REPRODUCED 
FROM  THE  1994-95  "UNDERGRADUATE  CATALOG") 


-28- 


DecftEE  lt£QtnlacE^^^s 

Onddbies  for  i  &»chefor  ct  Socnce  in  Ocean  En^ineerini 
must  coa%Ae%c  che  minimum  course  requiremencs  outlined  in 
the  fo8o«^i^  cumcuKun.  Deviation  from  the  recommended 
peognm  ray  be  made  ord>  ivith  the  approval  ot  the  fludenc's 
Cacuky  advisor  and  the  concurrence  of  department  head 
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caiatog. 


Fresbwum  Ye^r 
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FIGURE  12.  THE  PROGRAM  AT  THE  FLORIDA  INSTITUTE  OF  TECHNOLOGY 
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the  exception  of  fluid  mechanics  offered  by  and  taught  by  faculty  from  other 
departments.  There  is  a  required  course  in  Fundamentals  of  Naval  Architecture, 
however,  and  elective  courses  in  preliminary  ship  design  and  another  devoted  to  the 
design  of  high-speed  small  craft  that  are  available  for  undergraduates.  But,  despite 
quite  a  number  of  graduate  courses  also  devoted  to  various  aspects  of  ships  and 
platforms,  the  bachelor's  degree  graduates  are  probably  not  usually  as  well  prepared 
to  practice  naval  architecture  as  graduates  from  one  or  two  of  the  other  programs 
that  are  presented  as  being  in  ocean  engineering.  For  the  most  part  those  who  have 
created  these  programs  do  not  now  nor  did  they  ever  see  them  as  variations  of  the 
existing  programs  in  naval  architecture  and/or  marine  engineering,  with  their 
graduates  also  being  educated  for  careers  at  say  ship  design  firms  or  shipyards,  but 
the  presence  of  naval  architects  among  the  faculty  members  for  all  of  these 
programs  and  the  fact  that  a  platform  of  some  sort  is  essential  in  almost  any 
conceivable  ocean  system  has  led  to  material  concerning  or  common  to  naval 
architecture  being  included  in  their  curricula.  Similarly,  many  aspects  of  ocean 
engineering  beyond  those  that  relate  to  the  design  of  floating  platforms  and  other 
offshore  systems  are  now  included  in  the  courses  offered  at  the  schools  and  in  the 
units  that  have  housed  the  traditional  naval  architecture  and/or  naval  architecture 
and  marine  engineering  programs. 


Graduate  Programs 

Graduate  programs  in  the  U.S.  and  Canada  in  naval  architectxire  and/or  naval 
architecture  and  marine  engineering  or  in  ocean  engineering  are  not  as  amenable  to 
fixed  or  even  reliable  description  as  have  been  the  undergraduate  programs. 
Curricula  are  not  usually  published  in  terms  of  listings  of  required  courses  and  almost 
never  in  suggested  sequential  term  requirements.  Firrther,  several  levels  and  t5q)es  of 
degrees  are  available!  master's  degrees  in  engineering,  master  of  science  and  master 
of  science  in  engineering  degrees,  what  are  termed  professional  degrees  leading  to  the 
titles  of  Naval  Architect  or  Ocean  Engineer  or  Naval  Engineer  (and  Marine  Engineer 
as  well,  a  matter  of  no  great  interest  in  this  report),  and  doctoral  degrees  of 
engineering  and  of  philosophy.  Some  schools  have  programs  leading  to  combined 
bachelor's  and  master's  degrees  as  a  single  integrated  curriculum,  and  there  is  a 
continuing  trend  that  seeks  to  establish  the  master's  degree  rather  than  the 
bachelor's  degree  as  the  true  measure  by  which  a  graduate  might  rightfully  deem 
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himself  or  herself  an  engineer  professionally  qualified  to  enter  practice  utilizing 
today's  high  technology  procedures  and  well  aware  of  the  vast  increase  in  knowledge 
and  capability  that  can  now  be  applied  in  resolving  engineering  problems. 

Several  among  the  dozen  schools  included  above  do  not  offer  graduate  study;  as 
indicated  above,  Webb  is  only  about  to  initiate  a  master's  degree  program,  and 
neither  the  Coast  Guard  Academy  nor  the  Naval  Academy  have  graduate  programs. 
But  the  Technical  University  of  Nova  Scotia  in  Halifax  does,  and  therefore  it  and  the 
remaining  programs,  in  the  same  order  as  above,  will  be  discussed.  There  is  no 
accreditation  normally  sought  by  graduate  programs,  and  while  several  other 
programs  could  perhaps  be  included  these  ten  are  considered,  as  before,  adequate  for 
the  purposes  of  this  study. 

The  University  of  Michigan 

The  Michigan  graduate  program  in  naval  architecture  and  marine  engineering 
has  very  recently  been  significantly  revised,  not  as  yet  eliminating  the  existing 
specialization  options  but  now  focusing  on  just  two  "Areas  of  Excellence."  These  are 
first.  Marine  Hydrodynamics  and  Marine  Environmental  Engineering  and,  second. 
Concurrent  Marine  Design,  and  they  are  intended  to  categorize  departmental  and 
individual  facility  research  interests  and  activities  as  well.  A  minimum  of  30  credit 
hours  of  courses  must  be  completed  to  earn  a  master's  degree  and  there  are  level  and 
distribution  requirements  as  well.  The  Master  of  Science  degree,  unlike  the  Master  of 
Science  in  Engineering  degree,  requires  a  thesis  and  is  now  viewed  as  the  more 
scientific  choice  preparing  graduates  for  careers  in  research  and  development  or  for 
continuing  study  towards  the  doctoral  degree.  The  Master  of  Engineering  degree  is  at 
present  in  Concurrent  Marine  Design,  or  in  an  interdisciplinary  program  in 
manufacturing  with  specialization  in  naval  architecture  and  marine  engineering.  The 
relatively  new  M.Eng.  degrees  are  administered  by  the  College  of  Engineering  while  all 
of  the  other  degrees  are  granted  by  the  Rackham  School  of  Graduate  Studies  —  an 
umbrella-like  organization  that  among  its  other  responsibilities  attempts  to  insure 
some  degree  of  uniform  high  quality  among  all  graduate  degree  programs  throughout 
the  University  whether  they  be  in  anthropology  or  zoology  or  any  field  in  between. 
Students  seeking  admission  to  the  M.Eng.  degree  programs  must  have  a  bachelor's 
degree  in  an  engineering  discipline  plus  relevant  industrial  experience,  and  initially  it  is 
intended  primarily  for  those  who  plan  to  return  to  industrial  careers.  The  two 
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professional  degrees  of  Naval  Architect  and  Marine  Engineer  require  an  additional  30 
credit  hours  of  course  work  heyond  the  master's  degree  requirements  and  successful 
completion  of  a  comprehensive  examination,  and  both  emphasize  application  of 
engineering  science  at  the  level  of  advanced  engineering  practice.  The  Doctor  of 
Philosophy  degree  also  requires  additional  course  work  beyond  the  master's  degree 
requirements,  plus  pursuing  an  independent  investigation  in  a  special  new  area  or 
concern  of  naval  architecture  and  marine  engineering  so  as  to  complete  a  dissertation 
that  contributes  original  and  significant  knowledge  and  understanding  to  this 
discipline.  Doctoral  committees  are  created  for  each  doctoral  candidate  after  their 
successful  completion  of  preliminary  examinations  and  preparation  of  a  prospectus 
describing  their  intended  investigation,  but  the  chairman  of  the  committee  is  the 
student's  chosen  advisor  and  usually  has  assisted  in  preparing  the  prospectus.  Most 
faculty  members  chair  one  or  more  committees  and  are  members  of  others  at  any 
given  time,  and  at  Michigan  seven  faculty  members  are  also  assigned  as  the 
specialization  option  advisors,  under  a  single  overall  graduate  program  advisor  or 
chairman,  for  each  of  the  still  used  eight  specialization  options:  computer-aided 
marine  design,  marine  engineering,  marine  production,  marine  structures,  marine 
systems  management,  and  offshore  engineering,  all  within  the  concurrent  marine 
design  area;  and  marine  hydrodynamics  and  marine  environmental  engineering  in 
that  area. 

There  is  at  Michigan,  as  at  some  of  the  other  schools,  the  possibility  of  earning 
an  interdepartmental  but  single  master's  degree  in  several  disciplines  simultaneously, 
and  this  requires  at  least  40  credit  hours  of  graduate-level  work.  There  is  also  the 
opportunity  to  pursue  simultaneously  two  separate  master's  degrees,  and  this 
requires  a  minimum  of  50  hours  of  graduate-level  work.  In  addition,  a  joint  M.S.E.  in 
Naval  Architecture  and  Marine  Engineering  /  M.B.A.  in  Business  Administration 
program  has  been  available  for  some  years  and  it  requires  45  credit  hours  in  business 
administration  plus  usually  fewer  than  the  30  hours  normally  reqmred  for  the  M.S.E. 
degree  depending  on  the  business  administration  courses  elected.  Additional  aspects 
of  the  graduate  programs  at  Michigan,  such  as  how  faculty  assignments  or 
promotions  are  made,  how  graduate  students  are  supported,  more  detailed 
descriptions  of  several  key  if  not  all  individual  courses,  how  frequently  specialized 
graduate-level  courses  -  usually  with  small  numbers  of  students  enrolled  -  are 
offered,  the  special  arrangements  with  the  U.S.  Coast  Guard  and  the  normal 
procedures  for  the  contingent  of  Coast  Guard  officers  assigned  there  for  study  each 
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year,  and  others,  would  need  to  be  described  to  provide  a  more  complete 
understanding  of  them  (or  of  any  of  the  programs  at  any  of  the  other  schools),  but  for 
the  purposes  of  this  study  the  more  pertinent  details  on  the  structural  specialization 
option  and  the  structural  courses  will  be  covered  in  the  next  section  of  this  report. 

The  University  of  New  Orleans 

The  School  of  Naval  Architecture  and  Marine  Engineering  at  New  Orleans 
graduate  program  is  much  less  extensive  and  complicated,  but  is  otherwise  similar  if 
limited.  The  single  master's  degree  program  leading  to  a  Master  of  Science  in 
Engineering  in  Naval  Architecture  and  Marine  Engineering,  does  have  two  options, 
one  requiring  33  hours  of  graduate  credit  and  the  other  requiring  a  thesis  and  30  hours 
of  graduate  work  including  six  hours  of  thesis  research.  As  is  done  with  the 
undergraduate  courses,  most  of  the  graduate-level  covu-ses  are  also  offered  late  in  the 
day  so  part-time  students  can  work  toward  an  advanced  degree.  No  areas  of 
specialization  are  formally  defined  and  there  is  no  Doctor  of  Philosophy  degree 
program  specifically  in  naval  architecture  and  marine  engineering. . 

Memorial  University  of  Newfoundland 

At  Memorial  graduate  students  can  earn  a  Master  of  Engineering  and  Applied 
Science  degree  in  ocean  engineering  by  completing  a  program  that  includes  four 
courses  and  a  thesis.  It  is  offered  within  the  School  of  Graduate  Studies,  but  the 
courses  are  taught  by  and  the  thesis  is  directed  by  the  Faculty  of  Engineering  and 
Applied  Science.  The  Doctor  of  Philosophy  degree,  actually  in  ocean  engineering,  is 
similarly  awarded  and  directed.  There  are  34  courses  available  that  are  numbered 
9000  and  above  (i.e.,  at  the  graduate  level).  There  is  also  a  special  program  entitled 
the  VLSI  (for  Very  Large  Scale  Integrated)  Design  Programme  offered  in  conjunction 
with  the  Department  of  Computer  Science  and  leading  to  a  Master  of  Engineering 
degree. 

The  University  of  California  -  Berkeley 

The  graduate  studies  programs  at  Berkeley  offered  by  the  Department  of  Naval 
Architectime  and  Offshore  Engineering  can  lead  to  any  of  an  array  of  degrees:  Master 
of  Science  in  Engineering  and  Doctor  of  Philosophy  in  Engineering,  Master  of  Science 
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in  Engineering  Sciences  and  Doctor  of  Philosophy  in  Engineering  Sciences,  and 
Master  of  Engineering  and  Doctor  of  Engineering.  The  latter  degree  has  been  in  place 
for  a  number  of  years  and  Berkeley  is  one  of  only  a  few  schools  that  now  awards  it, 
but  there  is  a  strong  trend  at  many  of  the  better  engineering  colleges  towards  doing  so 
as  well.  This  is  partly  because  the  Master  of  Engineering  -  rather  than  the  Master  of 
Science  in  Engineering  -  programs  have  been  well  received  by  industry  and  because 
the  so-called  professional  degrees  are  still  not  well  understood  outside  academic 
circles.  At  Berkeley  the  Master  of  Science  degrees  require  at  least  20  units  of 
primarily  graduate  work  plus  a  thesis,  or  a  minimum  of  24  units  and  a  comprehensive 
final  examination.  The  Master  of  Engineering  program  is  awarded  for  completion  of  a 
minimum  of  40  units  of  which  at  least  20  must  be  for  graduate  courses  and  the  total 
program  must  include  16  to  20  units  oriented  towards  design  and  analysis.  There  are 
other  distribution  requirements  much  as  for  the  graduate  programs  at  the  other 
schools  being  discussed,  and  while  each  student  has  considerable  latitude  in  selecting 
the  courses  to  include  his  total  program  has  to  be  acceptable  to  his  or  her  academic 
advisor,  the  department,  and  the  college.  With  only  a  few  departmental  faculty 
members  at  present,  and  hence  a  limited  number  of  graduate  courses  available  from 
the  department,  it  may  well  be  that  the  current  graduate  students  at  Berkeley  must 
complete  a  number  of  courses  offered  by  other  engineering  departments.  But 
Berkeley  is  a  large  and  truly  outstanding  engineering  college  and  this  should  not  be  a 
significant  problem.  The  doctoral  degree  requirements  are  similar  to  those  at 
Michigan  -  and  MIT,  Texas  A&M,  etc.  -  but  four  semesters  of  residence,  a  minimum 
of  33  units  of  formal  courses,  a  program  consisting  of  one  major  field  and  two  minor 
fields,  the  usual  qualification  exams  (often  referred  to  as  prelims),  and  a  thesis  that 
demonstrates  the  candidate  has  made  a  creative  contribution  to  the  knowledge  of  the 
chosen  field  of  study  or  (for  the  Doctor  of  Engineering)  to  the  solution  of  a  significant 
engineering  problem,  are  all  mentioned  specifically  in  their  graduate  publications.  It 
is  very  interesting,  however,  that  the  Naval  Architecture  and  Offshore  Engineering 
Department  alone  at  Berkeley  still  has  a  doctoral  program  language  requirement.  A 
combined  engineering  and  business  administration  program,  and  several  other 
interdisciplinary  programs  are  available  at  Berkeley. 

Virginia  Polytechnic  Institute  and  State  University 

At  Virginia  Tech  the  graduate  programs  in  ocean  engineering  are 
administratively  in  the  Graduate  School  and  are  much  like  those  at  the  other 


-34- 


universities,  the  same  degrees  -  Master  of  Science  with  or  without  a  thesis,  Master  of 
Engineering,  and  Ph.D.  -  but  in  ocean  engineering  are  awarded  and  the  same 
procedures,  particularly  for  the  Doctor  of  Philosophy  degree,  are  followed.  There  are 
some  34  graduate  courses  offered  by  the  Aerospace  and  Ocean  Engineering 
Department,  30  credit  hours  including  15  hours  of  5000-level  or  above  courses  are 
required  in  the  two  master's  degree  programs,  a  thesis  counting  for  6,  and  27  hours  of 
graduate  level  courses  are  required  in  the  doctoral  program. 

Massachusetts  Institute  of  Technology 

At  MIT  graduate  students  in  the  Department  of  Ocean  Engineering  can 
currently  earn  Master  of  Science,  Master  of  Engineering,  and  Doctor  of  Philosophy  or 
Doctor  of  Science  degrees,  and  the  professional  degrees  of  Ocean  Engineer  or  Naval 
Engineer.  The  latter  is  associated  with  the  Naval  Construction  and  Engineering 
program  for  naval  officers,  known  as  XIII-A.  The  Ocean  Systems  Management 
program  is  known  as  XIII-B,  and  the  Joint  MIT-Woods  Hole  Oceanographic 
Institution  program  is  designated  XIII-W.  There  are  a  number  of  other  special 
programs  combining  ocean  engineering  studies  with,  for  example,  technology  and 
policy  or  with  management  of  technology,  but  the  program  designated  as  XIII  without 
a  following  letter  does  lead  to  either  a  Master  of  Science  in  Ocean  Engineering  or  a 
Master  of  Science  in  Naval  Architecture  and  Marine  Engineering.  There  is  a  new 
program  in  Marine  Environmental  Systems  leading  to  a  Master  of  Engineering 
degree.  The  size  of  the  Department  of  Ocean  Engineering  faculty  at  MIT  and  the 
breadth  of  their  backgrounds  and  activities,  along  with  the  recognition  that  the 
current  MIT  catalog  indicates  they  offer  no  less  than  85  individual  courses  which 
carry  graduate  credit,  insures  that  their  graduate  students  can  together  with  their 
individual  academic  advisors  select  some  number  of  courses  suitable  for  their  own 
interests  and  career  objectives  while  still  meeting  the  appropriate  degree 
requirements.  At  least  66  graduate  subject  units  and  a  thesis  are  necessary  for  the 
Master  of  Science  degree. 

Texas  A&M  University 

Graduate  studies  in  ocean  engineering  at  Texas  A&M  include  programs  leading 
to  the  degrees  of  Master  of  Engineering  requiring  a  minimum  of  36  credit  hours. 
Master  of  Science  in  Ocean  Engineering  requiring  a  minimum  of  36  credit  hours  plus  a 
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thesis,  Doctor  of  Philosophy  in  Ocean  Engineering  requiring  a  minimum  of  64  credit 
hours  beyond  the  Master's  degree  and  a  thesis,  and  Doctor  of  Engineering  which 
seemingly  is  awarded  infrequently  and  requires  industrial  experience  as  well  as  a  final 
comprehensive  examination.  There  are  18  graduate-level  ocean  engineering  courses, 
only  two  of  which  are  concerned  with  structm-es  even  though  ocean  structures  (along 
with  coastal  engineering  and  marine  hydrodynamics)  is  considered  one  of  the  primary 
areas  of  interest.  There  are,  however,  suitable  additional  structures  courses  in 
mechanical  and  civil  engineering  so  that  comprehensive  individual  programs  can  be 
arranged;  but  ship  structures  specifically  would  not  be  the  focus. 

Florida  Atlantic  University 

The  close  relationship  between  ocean  and  civil  engineering  at  Florida  Atlantic  is 
appeirent  in  that  the  Department  of  Ocean  Engineering  offers  master's  degrees  in 
both  disciplines,  but  a  student  interested  in  structures  generally  would  probably 
attempt  to  satisfy  the  requirements  for  that  major  in  the  civil  engineering  program 
while  one  interested  in  marine  structures  would  be  enrolled  in  the  ocean  engineering 
program.  The  Master  of  Science  in  Engineering  (Ocean  Engineering),  or  (Civil 
Engineering)  degree  requires  a  minimum  of  30  credit  hours  of  which  up  to  six  must  be 
for  research  related  to  a  thesis,  while  the  Master  of  Engineering  (Ocean  Engineering), 
or  (Civil  Engineering)  requires  33  credit  hours  plus  passage  of  an  oral  final 
comprehensive  exam.  The  Doctor  of  Philosophy  degree  in  Ocean  Engineering 
program  includes  30  hours  of  course  work  beyond  the  master's  degree,  the  thesis  and 
the  research  for  it,  and  very  much  the  same  arrangement  as  at  all  of  the  other 
schools  with  a  qualifying  exam  -  called  General  Examination  I  at  Florida  Atlantic  - 
before  candidacy  and  a  thesis  defense  -  called  General  Examination  II.  The  cinrent 
graduate  catalog  lists  53  graduate-level  courses  given  by  the  Department  of  Ocean 
Engineering  and  at  least  one-quarter  of  them  are  in  the  structural  mechanics  or 
materials  and  fi*acture  mechanics  areas,  but  as  at  Florida  Tech  the  application  focus 
is  not  on  ships  in  any  of  them. 

Florida  Institute  of  Technolosfv 

At  Florida  Tech  30  credit  hours,  including  a  thesis,  are  required  in  the  Master  of 
Science  in  Ocean  Engineering  program,  although  there  as  elsewhere  the  thesis  is 
valued  at  6  credit  hours  and  can  be  replaced  by  two  additional  courses  if  the  student 


-36- 


can  produce  the  restilts  of  a  similar  effort  performed  previously  at  Tech  or  somewhere 
else.  There  are  four  subject  areas,  one  of  which  is  Materials  and  Structures  (the 
others  are  Marine  Vehicles  and  Ocean  Systems,  Coastal  Processes  and  Engineering, 
and  Fisheries  Engineering)  even  though  there  are  only  two  graduate-level  structures 
courses  in  ocean  engineering  required.  The  Doctor  of  Philosophy  degree  program  is 
similar  to  that  at  other  schools,  but  48  credit  hours  beyond  the  master's  degree  are 
required.  While  this  seems  onerous  it  is  tempered  by  the  allocation  of  24  of  these  for 
the  thesis  work. 

Technical  University  of  Nova  Scotia 

The  graduate  program  in  Naval  Architecture  and  Marine  Engineering  at  Nova 
Scotia  is  administratively  under  the  Faculty  of  Engineering  -  equivalent  to  a  school  or 
college  in  the  U.S.  -  and  the  individual  faculty  members  have  their  appointments  in 
the  Department  of  Mechanical  Engineering.  With  a  slightly  different  name  than  the 
M.S.E.  degree  awarded  at  most  U.S.  schools,  the  Master  of  Applied  Science  degree  at 
TUNS  is  similar  particularly  in  contrast  to  the  TUNS  Master  of  Engineering  degree 
in  the  same  sense  as  in  the  U.S.  It  requires  completion  of  a  minimum  of  six  courses 
and  a  thesis,  while  the  Master  of  Engineering  requires  completion  of  a  minimum  of  ten 
courses  but  two  of  which  can  be  for  the  required  project.  Because  most  students 
entering  the  program  have  not  earned  their  undergraduate  degrees  in  naval 
architecture  or  in  ocean  engineering  (at  least  not  at  Canadian  schools)  some 
adjustments  in  the  ten  course  requirement  are  made  for  those  who  did  have  their 
degrees  in  mechanical  and  civil  engineering  —  reducing  it  to  eight,  for  example  —  that 
probably  would  not  occur  with  other  engineering  disciplines.  The  Doctor  of  Philosophy 
requirements  and  procedures  are  very  similar  to  those  at  the  U.S.  schools  as 
described  above.  Some  16  graduate-level  courses  covering  the  usual  subjects  in 
ocean  engineering  and  naval  architecture  are  listed  in  the  mechanical  engineering 
series  in  the  current  catalog  (calendar)  and  together  they  deal  with  ship  and  platform 
concerns  reasonably  comprehensively  and  are  concerned  not  at  all  with  such  topics 
as  coastal  processes  and  oceanographic  instrumentation. 
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STRUCTURAL  ANALYSIS  AND  DESIGN  COURSES 
IN  NAVAL  ARCHITECTURE  AND  OCEAN  ENGINEERING 

CURRICULA 


This  section  of  this  report  will  include  descriptions  -  for  the  most  peirt  from  the 
same  publications  used  earlier  in  describing  the  various  undergraduate  and  graduate 
programs,  but  also  in  more  detail  by  means  of  syllabuses  and  outlines  or  portions 
thereof  exactly  as  provided  by  professors  responsible  for  or  actually  teaching  the 
courses  -  for  those  courses  which  deal  with  ship  and  offshore  structural  analysis  and 
design  in  the  programs  at  each  of  the  schools  considered  in  the  foregoing  section. 
Including  all  of  the  syllabuses  in  hand,  and  much  of  the  ancillary  information  needed 
to  explain  some  of  the  other  details  of  the  individual  courses  or  to  provide  fully  the 
context  in  which  they  are  presented  in  the  respective  institutions'  own  publications, 
would  needlessly  make  this  section  massive  in  size  and  far  more  cumbersome  than 
deemed  necessary  to  reach  the  conclusions  sought.  Enough  material  at  both  the 
undergraduate  and  the  graduate  level  will  be  provided  to  suggest  that  while  many  of 
the  schools  may  use  more  courses  to  cover  essentially  the  same  ground,  or  even 
consider  worthy  of  graduate  credit  courses  that  cover  topics  that  at  another  one  are 
in  those  meant  for  undergraduates,  or  in  elective  coiirses,  cataloging  the  distinctions 
among  the  programs  is  considered  not  as  much  needed  as  is  the  ability  to  judge  what 
current  program  graduates  generally  should  know  and  understand  and  how 
professionally  capable  they  should  be. 


Individual  Course  Descriptions 
Webb  Institute 

As  indicated  above,  Webb  is  in  the  unique  position  of  having  only  a  single 
curriculum  and  can  therefore  integrate  the  courses  in  the  curriculum  to  great 
advantage.  The  actual  course  descriptions  of  interest  from  their  catalog  will  not  be  as 
useful  here  as  the  excerpt  from  a  letter  from  Professor  George  Petrie  shown  in 
Figure  13.  Note  that  rod  and  beam  element  stiffiiess  matrices  are  introduced  in  the 
basic  strength  of  materials  course  in  the  second  year  prior  to  the  students  taking  any 
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FIGURE  13.  EXCERPT  FROM  LETTER  FROM  PROFESSOR  PETRIE  DESCRIBING 
STRUCTURES  CONTENT  IN  COURSES  AT  WEBB 


course  in  ship  structures,  for  example,  and  that  a  midship  section  is  prepared  in  their 
first-year  CAD/graphics  course.  (It  should  also  be  noted  that  while  that  first  course 
in  ship  structures  for  example  is  in  the  figure  referred  to  as  NA-4,  in  the  Webb  catalog 
Roman  numerals  are  used.)  Syllabuses  for  NA  IV,  Ship  Structures;  NA  VI, 
Elements  of  Ship  Design  and  Production;  NA  VIII,  Ship  Design  II;  and  for  the 
strength  of  materials  course  are  given  in  Figures  14  through  17.  The  ship  design 
course  is  the  second  of  two  covering  preliminaiy  design,  as  it  is  in  this  course  that  the 
structural  design  is  accomplished. 

The  University  of  Michigan 

If  the  total  Webb  undergraduate  program  is  indeed  very  nearly  an  ideal  example, 
the  Michigan  undergraduate  program  is  in  the  same  sense  the  best  representative  of 
many  of  those  at  other  schools,  including  those  once  available  at  Berkeley  and  MIT. 
The  principal  undergraduate  courses  in  marine  structures  are  NA  310,  Marine 
Structures  I,  and  NA  410,  Marine  Structures  II.  Not  all  undergraduate  students 
elect  the  latter  since  it  is  not  actually  specifically  required,  but  most  do.  It  can  also 
be  taken  for  graduate  credit,  and  all  master's  degree  students  must  now  elect  the 
third  course  in  the  struct;u-es  sequence,  NA  510,  Marine  Structural  Mechanics,  and 
hence  must  be  familiar  with  the  material  in  NA  410.  The  catalog  course  descriptions 
along  with  their  outlines  are  shown  in  Figures  18  through  20,  respectively.  Because 
the  same  textbook  is  used  for  both  NA  310  and  NA  410,  pertinent  portions  of  the 
Table  of  Contents  of  it  are  reproduced  in  Figure  21.  What  can  not  so  easily  be 
represented  are  the  soft  cover  bound  "course  notes"  that  are  absolutely  essential  in 
describing  fully  how  the  subject  matter  dealt  with  in  each  of  these  courses,  but  the 
tables  of  contents  of  the  versions  prepared  by  Professors  Vorus  and  Karr  now  being 
used  in  NA  310  and  in  NA  510  are  reproduced  in  Figures  22  and  23  and  the 
agreement  with  the  course  outlines  is  obvious.  Course  notes,  or  "course  packs"  as 
they  are  now  known  on  most  campuses,  often  make  liberal  use  of  figures  and  data 
from  textbooks  and  other  references  (and  while  the  sources  are  always  given  this 
practice  has  many  of  the  original  publishers  very  much  concerned  and  has  led  to  a 
number  of  law  suits)  but  blend  these  and  the  instructor's  own  material  into  a 
coherent  package  that  reinforces  and  to  some  extent  supplements  the  lectures. 
Several  additional  courses  in  structm-es  beyond  NA  510  are  available  for  graduate 
students  at  Michigan,  including  particularly  NA  518,  Strength  Reliability  of  Ship  and 
Offshore  Structures,  and  NA  574,  Computer-Aided  Hull  Design  and  Production. 
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FIGURE  14.  SYLLABUS  FOR  WEBB  COURSE  NA  IV,  SHIP  STRUCTURES 
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FIGURE  15.  SYLLABUS  FOR  WEBB  COURSE  NA  VI,  ELEMENTS  OF  DESIGN  AND  PRODUCTION 
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FIGURE  16.  SYLLABUS  FOR  WEBB  COURSE  NA  VIII,  SHIP  DESIGN  II 


44 


91(.  MiriM  StrvcturM  I 
IHeftquisik:  UE HI.  l(4cftaHs) 

(Xa$i-st3tic  anaijw  o<  ship  hulls  rd  oBshwe  slfudures  Hufl  prina/y  response. 
imroAiclion  to  protabilistic  approach.  Plated  structures  and  ship  structural  cotryiorreds. 
Combined  stresses  and  failure  theories  Framing  systems.  eriUe  fracture  »xt  fatigue 
taifrjre  modes,  structural  details  Midship  section  synthesis,  dassificaion  society  rules 
stress  superposition.  Material  and  fabrication  conskferationi 


NAJlt  MAUNB  SnUCTVUS  I 

Pan  im 

COURSE  OUTLINE 


1.  trtrodiKtioQ 

a.Sdn  WelerLoerfiag 
K  Wave  Loadlif 

n.  Bcaai  Stress  AuJyiit 


IV. 

V. 

VI. 


oetle  Beam  BewEea 

!.»  « _ t _ !Z 


k  Ifidsup  Sectioa  Aisalyiit 

c.  Besa  BudcSaf 

d.  Stress  Superpcrdtioa 

c.  Mon  Tbckro^  Evaluatioa  of  Stresi 

III.  Sdffcwd  Flafe  aod  FraiBtii(  Syitttm 

a.  Kan  Transvose  Strcflftk 
K  Slide  StabiSlyaad  DetesTniaacjr 
Eai  aad  BucfrTuit  of  Rect^ 


c  Bealai  aad  Budfuii  of  Re<^B|uUr  FUtca 

Eae(0  Medtodi 

a.  Wort  aod  Strua  Eoemr 
R  ViitBil  Work  aad  GquurbrtBa  Recutraneoti 


fiaite  Beoeot  Aoalyds 

BSarcAaalydi 

a.  I^ecdle  aod  BrittSe  Fulun  Oiietia 

KFractura 

c.|iid|;ua 

VI .  SlrKtaral  DetaOs 

a.  Stress  CoectotratioQS 
h.  Weld  Stress  Aaalyias 
c.  Bolted  Coooectioos 


Hsia 

I 

II 

2) 


2S 

33 

44 

69 

7B 

93 

fj 

KB 

110 

III 

III 

116 

127 

139 

139 

139 

139 

140 

140 

140 

144 


OQtfflS£MAIERlAL& 


flCTRUCTOR: 

IVsf.DataO.Kair 

NAME2)6B 

764.3217 


Jm 

1.1*14 


I2.M24 

11*2.4 


13.1*13.4 

3.1-54 


19.1*19.6 


4.1-4.6.15.1 

13.1*13.4 

I&M6J 


I4.I.I4J 


Course  aolea(lw  WUUam  S.  Vonis  A  Date  0.  Karr)  availatiie  at  Ultkk'a 

Text  Ai*cmctdi1ecKaitka<)fkkl*riak,\ri  Borcsi, Schinsd^ aod Sidelroaom; rtfth editica. 


FIGURE  18.  mCfflGAN  CATALOG  DESCRIPTIONS,  AND  COURSE  OUTI.INE  FOR 
NA  310,  MARINE  STRUCTURES  I 


-45- 


411.  lUrlM  ttivctirN  I 

PrenQueHes:  NA310,pfKeMofKcofn()iniedbyM3W.  I,  lipaedis) 
E(MI>triuni  melhnls.  energy  melhMb  ind  nabn  me(ho(b  are  app^ 
linear  ebstic  bean*  ^eo(y.  SoMions  lor  classic  bearn  protiienis  include  sialic  bending, 
lorsitti  budding,  and  wbribon.  Modeling  and  analysis  technkym  lor  ship  arx^ 
structural  design  are  reviewed.  Introduction  to  finite  element  analysis. 


NA41I  MARINE  STRUCTURES  0 
PaU  1M4 
Coom  OntllBi 


TwkPHsilEia 

im 

L 

UBsyufflctokal  Beam  Beadlai  aad  Exteas^ 

a.  EqoSiWnei,  Sutsset.  ttd  OeBectioa 

B-SbearOeoten 

c.Ehsdc$utS^ 

7.1.74 

RI-BJ 

I1M2J 

0. 

caerur  MCQioai 

a.  Woet  Eaenv 

be  i^bci^  oOfSma  Toul  Itote^ 
c.  CutipMa%11wore<m 
d  Rectencimeoraa 
•.lUxkitMto  Method 

5.1 

5e2.&4 

m. 

Terdot 

au  Grcalar  u4  Noachesdar  Goes  SectioM 
h.  ThU-WdM  Ckoed  CroM  SeedM 
c«  WupcM 

d  LatmlTonioMl  Beam  BocIJiif 

«.|4e5 

d.7 

IV. 

Aaatjnb 

Okldc^RMlkto 
be  Liflui  Asa^  «f  Beaaw 
c  Tidefc- WaoM  fbessan  VcMcb 

4.14.3 

6.5,7J 

1 1.1.1 13 

V. 

HaeteBecociiAMiyds 

a  Beatm  led  Beaa  ^rstcaai 
b.  Raae- aed  Spaoe-moae  Aaafydt 

193 

INSTRUCTOR: 

(Vor.DakG.ICafr 

NAXtEZMB 

764-32r7 


IBCL 

Advanced  yechamksi^Mcttr1ab,hy1kfitm,Mta)aL,ta»dSiitb(MU^ 

FIGURE  19.  MICHIGAN  CATALOG  DESCRIPTION,  AND  COURSE  OUTLINE  FOR 
NA  410,  MARINE  STRUCTURES  II 


-46- 


510.  Mirlna  Sln»clunl  Michinics 

NAmofC:EE^)2o(^3Uo(Aefo2U  lt(4cf9dits) 

Von  Karman  plate  equations,  Srif^bcam  and  piale  soMions  with  peornelfic  and  material 
non-linearities  Applicalion  to  ship  and  platform  anatysls  in  damage  condition  The 
flange  tripping  non^incanty.  Elastic  and  plastic  anaiyw  of  Hat  plates  Effeds  of  aspect 
ratio.  Ship  main-deck  buckling  example. 


NA51I  MAftlNE  STiUCTt/lUL  MECHANICS 

Wltler  (fH 
CoflTH 


Issis. 

I.  lAlroductio* 


TeitOip^ 


NoonaewtMi 

kTripplii ornate  StifTMcn  . 

il.  Coodavuta  MedtanSei 

t.  Sbtts  asT  Oeviatonc  StraaTcaion 
k  MbrmatkwTeaaon 
e.$tralaTa**o(« 

4.  CoastiMtve  ^uatkaa 

III.  Voa  KariBM  note  Eqitadoat 

a.  Hoelbear  Slrau-0(^;lac«mea( 
k  Kkeboff 

c  Ei|u>}ibdaa  tod  Cotofiaaibiliiy  Ei;Btdo«i 

IV.  CrfoduaerVariadooi 

a.  niac^  oT  Viftaal  Wo«k 

k  fVioc^  of  MaLaom  Total  Eatfay 

e.LtacairB«aaTleciy 

I.  Eaefy  fiiarttooala 

I.  Gakr-LatrtoM  EtttKkM 

ii  Katurd  aad  Klaeniatic  Bc«nd«y  CoodidoM 

V.  AffficadoM 

a.  Strfp  Bcmb  Aaalyaea 
k  Sa^TVoeah  IVoilotaa 
c.naaeBastfanr 
kTlartOKabeakoBeafli 
a.  Oatalcal  nata  Theoqr 

VL  nSoRornalea 

a.  Rale  BodtSaf 
k  Ret  Bodfea  StKart 

c.  GrTectivt  Widu  aod  Veedlh 

VII.  latrodoctloi  to  Tboory  ef  Pljoticity 

a.  Yield  Cooditiou 
k  Ripd.  PttftcHy  PUstie  Deformatice 
«.  Upper  and  Lower  Bound  Tbeoremi 

d.  Plastic  Coflipte  cf  Structural  EJemetB 

flgraycTQfc 

ProrDaleaKw 
NAME  2348 
764-3217 

TSXOi 


1.1-14 

1.7 

1.7-1.11 
1.12- 1.13 


ki-112 

3.1 -3.3 
3J 

44-44 


tJ-84 

84 

1.17- IJ) 
44 

41-6.7 


413-413 


JEaerjof  fMk  EJemeat  ItuSoA  it  Smcteol  Utcfiania,  by  L  K  Sbaoxa  «ad  C  L. 
Dyn. 


3faiK«rrW  J/<<Aanlc«  CWwAbaM.by  O.O.  ICacr  aadW.  1  Vcm. 


FIGURE  20.  MICHIGAN  CATALOG  DESCRIPTION,  AND  COURSE  OUTLINE  FOR 
NA  510,  MARINE  STRUCTURAL  MECHANICS 


-47- 


I 


I 


31 


I  i 


-48- 


NA  310  •  MARINE  STRUCTURES  I 
Tlbl«  6f  Conttnta 


PagefH 

I. 

INTRODUCTION 

1 

a.  Still  Water  Loading 

b.  Wave  Loading 

10-24 

24-26 

n. 

BEAM  STRESS  ANALYSIS 

27 

a.  Com^ite  Beam  Bending 

b.  Midship  Section  Analysis 

c.  Beam  Buckling 

d.  Stress  Superposition 

e.  More  TV^gh  Evaluation  of  Stress 

27-35 

35-45 

46-73 

74-83 

84-102 

m. 

STIFFENED  PLATE  AND  FRAMING  SYSTEMS 

103 

a.  Hull  Transverse  Strength 

b.  Static  Stability  and  Deternunacy 

c.  Bending  and  Buckling  of  Rectangular  Plate 

105-110 

111-118 

118 

IV. 

ENERGY  METHODS 

119 

a.  Work  and  Strain  Energy 

b.  Virtual  Work  and  Equilibrium  RequiremenTS 

119-123 

124-134 

V. 

FINITE  ELEMENT  METHtDD 

a.  Virtual  Work 

b.  Truss  Bar  Elements 

c.  Beam  Finite  Elements 

135 

136- 137 

137- 146 
147-155 

VI. 

FAILURE  ANALYSIS 

156 

vn. 

STRUCTURAL  DETAILS 

157 

a.  Stress  Coooentrations 

b.  Weld  Stress  Analysis 

c.  Bolted  Connectioos 

157 

157-161 

161-168 

APPENDIX  A  Refereoces 


APPENDDC  B  American  Bureau  of  Shjjniing 
Rules  for  Building  and  Gassing 
Sleel  Vessel  Vessels  1994,  Pan  3,  Section  6 


APPENDD(  C  Midship  Sections 

APPENDDC  D  Mocoent  Oistributioa 


FIGURE  22.  "NA  310  COURSE  NOTES"  TABLE  OF  CONTENTS  (COURTESY  OF  VORUS 
AND  KARR) 


-49- 


TABLE  OF  COm^NTS 


I.  INTRODUCTION - 1 

A.  GEOMETRIC  AND  MATERIAL  NONUNEARmES _ _ _ 2 

B.  TRIPPINO  ANALYSIS _ _ _ _ _ 6 

n.  CONTINUUM  MECHANICS _ _ 15 

A.  STRESS  TENSORS _ 15 

B-DEPORMATTON  TENSORS _ IS 

C.  CONSTnVnVE  equations — - - - — 2  3 

DL  VON  KARMAN  PLATE  EQUATIONS . -...-.12 

A.  STRESS  AND  SI  RADI . . . . ..3  2 

B.  HOOKED  UW _ _ 3  2 

C  STRAIN-DISPLACEMENr  RELATIONS - 3  3 

D.  REDUCTION  TO  PUT  PLATES - 34 

B.  RESULTANT-STRESS  RH-ATTONS - 3S 

F.  EQUILIBRIUM - - - 3  9 

O.  TKB  VON  KARMAN  PUTE  EQUATIONS - 4 1 

H.  SnUP-BEAMSOUmONS - 44 

IV.  CALCULUS  OF  VARIATIONS - 50 

A.  THE  NOTATION  OF  VARIATIONAL  CALCULUS - 5  3 

B. PRINailE  OF  MINIMUM  TOTAL  POTENTIAL  ENERGY _ 60 

CTKBRJnZMBIHOO - 60 

V.  APPLICAnONS - 67 

A.  STRIP-BEAM  ANALYSIS - 67 

B.  THE  SNAP-THRU  PROBL0*! - 7 1 

VL  PLATE  BUCKLING - 81 

A.  EXAMPLE  FORMULATION - - - 8 1 

B.  SIMPLY  SUPPORTED  PLATES - - - 8  3 


VII.  IDEAL  PLASTiaTY . . — 

A.  coNsrmmvE  equations . . — 

B.  PLASTIC  FLOW  LAWS - - 


C.  PLASTIC  COLLAPSE- 


FIGURE  23.  "NA  510  COURSE  NOTES"  TABLE  OF  CONTENTS  (COURTESY  OF  DALE 
KARR) 
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There  are  of  course  several  dozen  also  available  among  those  offered  by  the 
Aerospace  Engineering  Department,  in  the  Applied  Mechanics  program  of  the 
Mechanical  Engineering  Department,  and  by  the  Civil  and  Environmental 
Engineering  Department,  for  example,  and  those  students  interested  in  structural 
analysis  and  design  could  in  selecting  among  these  courses  specialize  in  any  aspect  of 
this  broad  field.  The  advantages  of  being  a  graduate  student  in  a  large  and 
comprehensive  engineering  college  are  indeed  apparent. 

The  University  of  New  Orleans 

The  required  undergraduate  course  in  marine  structural  analysis  and  design  at 
New  Orleans  is  NAME  3120,  Ship  Hull  Strength,  but  (as  at  Michigan)  many  also 
elect  the  second  course,  NA  4120,  Ship  Structural  Design  and  Analysis.  The 
descriptions  of  these  two  are  given  in  Figures  24  and  25,  in  this  instance  in  the  ABET 
prescribed  accreditation  format.  Note  that  neither  course  includes  finite  element 
analysis,  but  that  it  is  offered  in  an  elective  course,  NAME  4096,  Finite  Element 
Analysis  in  Ship  Structures,  for  which  the  description  is  as  shown  in  Figure  26.  That 
same  course  number,  NA  4096,  named  Special  Topics  in  Naval  Architecture  in  the 
catalog,  is  used  for  a  course  entitled  Stability  of  Ship  Structures,  for  which  the 
description  is  as  shown  in  Figure  27.  There  are  other  courses  offered  by  the  School  of 
Naval  Architecture  and  Marine  Engineering  that  might  be  mentioned,  some  more 
concerned  with  load  formulation  than  structural  analysis  or  design,  but  one  entitled 
Small  Craft  Design  does  include  substantial  structural  material  and  is  described  in 
Figure  28.  There  are  also  Electrical,  Civil  and  Environmental,  and  Mechanical 
Engineering  Departments  in  the  College  of  Engineering  at  New  Orleans  and  hence 
graduate  students  can  choose  among  an  array  of  courses  offered  by  those 
departments.  A  popular  elective  among  the  naval  architecture  undergraduate 
students,  perhaps  because  they  are  drawn  mostly  from  the  Gulf  region,  is  ENME 
4756,  Mechanics  of  Composite  Materials.  The  description  is  given  in  Figure  29. 

Memorial  University  of  Newfoundland 

Required  undergraduate  structure  courses  at  Memorial  are  Engineering  6002, 
Ship  Hull  Strength,  and  Engineering  7002,  Ship  Structural  Analysis  and  Design. 
Course  information  sheets,  in  the  format  for  the  Canadian  Accreditation  Board,  for 
these  are  given  in  Figures  30  and  31.  Among  the  suggested  technical  electives  in  the 
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COCltSB  MSCUZmOM 

NMS  3120—Ship  Bull  Str«ogth 

Pall  Semestar  1991 

1992  Catalog  Data:  WXS  3120:  Longitudinal  ttrangtb,  limpla  bean 
theory,  trochoidal  wave  and  smith  correction,  weight,  buoyancy, 
load  shearing  force  and  bending  moment  curves;  midship  section 
modulus;  composite  bull  girder;  transverse  strength,  strain 
energy  and  moment  distribution  methods;  torsional  strength; 
torsion  of  thin  walled,  open  sections,  torque  distribution; 
torsional  loads,  the  use  of  classification  society  rules  in 
midship  section  design. 

Textbook;  William  S.  Vorus,  NX310  Ship  Strength  1:  Informal 
Notes,  U.  of  Michigan  NAME,  1986. 

Reference:  Ship  Design  and  Construction,  and  Ship  Structural 
Design,  SNAKE. 

Coordinator:  J.M.  Falzarano,  Assistant  Professor  of  NAME 

Goals:  This  course  is  designed  to  give  juniors  in  naval 
architecture  and  marine  engineering  an  understanding  of  the 
overall  ship  structural  design  process  including  loads,  basic 
analysis  techniques.  Also  included  are  special  topics  related  to 
fabrication  and  production. 

Prerequisites  by  topic; 

1.  Ship  hydrostatics,  weight  and  buoyancy 

2.  Strength  of  Materials 

Topics: 

1.  Introduction  to  ships  and  offshore  Structures  (3  classes) 

2.  Loads  on  ships  and  offshore  structures  (2  classes) 

3.  Longitudinal  Strength  (4  classes) 

4.  Transverse  Strength  (2  classes) 

5.  Plated  Structures  (4  classes) 

6.  Stress  concentration  and  Fatigue  (2  classes) 

7.  Joints  in  ships  and  offshore  structures  (2  classes) 

8.  Fabrication  and  Welding  (2  classes) 

9.  Midship  Section  Design  (4  classes) 

7.  Tests  (2  classes) 

Coi:q?uter  usage: 

1.  Each  student  must  write  and  run  a  FORTRAN  77  program  to 
determine  the  section  modulus  of  a  ship  midship  section 

2  The  comouter  program  written  for  the  above  is  then  used  in 
designing  a  midship  section  that  meets  ABS  requirements. 

ABET  category  content  as  estimated  by  faculty  member  who  prepared, 
this  course  description: 

Engineering  science:  1.5  credits  or  50% 

Engineering  design:  1.5  credits  or  50% 

Prepared  by:  pr-  J.M.  Falzarano -  Date:  March  28,i — 1994 


FIGURE  24.  COURSE  DESCRIPTION  FOR  NEW  ORLEANS  NAME  3120,  SHIP  HULL 
STRENGTH 
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cooxjs  OMcmirrzoa 


name  4120''-Shlp  Structural  Ocsigno  and  Analysis 
Spring  Semastsr  1994 

1992  Catalog  Data:  MAKE  4120  Kevisv  o£  Longitudinal  Strength; 
principal  stress  distributions  and  stress  trajectories;  local 
strength  analysis;  panels  under  lateral  load;  columns  and 
stanchions  under  uniform  edge  compression  loading  and  panels 
under  shear  and  combination  loading;  rational  ship  structural 
design  synthesis  based  upon  stress  loading  hierarchy;  primary, 
secondary,  tertiary  stress  as  a  criteria  of  ship  strength 
including  grillage  aspects. 

Textbook;  Robert  E.  Sandstrom,  MA410  Ship  Strength  II  Lecture 
Notes,  U  of  Michigan., 1982. 

Reference:  Principles  of  Naval  Architecture,  SNAKE. 

Coordinator:  J.M.  Falzarano,  Assistant  Professor  of  N.A.M.B. 

Goals:  This  course  is  designed  to  give  seniors  in  naval 
architecture  and  marine  engineering  a  more  advanced  understanding 
of  beams,  beam/columns  and  plates  to  integrate  them  into  overall 
ship  structural  design. 

Prerequisites  by  topic: 

1.  Elementary  ship  structural  design 

2.  Elementary  Vibrations 

3.  Ordinary  DBQ's,  Fourier  series,  introductory  PDE*s 
Topics : 

1.  Overview  of  ship  structural  design  and  analysis  (2  classes) 

2.  Derivation  of  general  asynsnetric  beasi  equations  (4  classes) 

3.  Application  of  beam  equation  to  static  stress  and  asymnetric 
IbWtding  (6  classes) 

4.  Shear  Stress,  shear  center,  shear  in  asymmetric  and  closed 
sections  (4  classes) 

5.  Ship  Hull  and  Beam  Vibration  (6  classes) 

6.  Buckling  of  Beam  Columns  (2  classes) 

7.  Energy  Methods  (2  classes) 

8.  Plates/frasMS  (2  classes) 

7.  Tests  (2  classes) 

Computer  usage: 

1.  Each  student  must  solve  for  roots  of  a  transcendental 
characteristic  equation  and  plot  the  corresponding  mode 
shapes . 

ABET  category  content  as  estimated  lay  faculty  member  who  prepared 
this  course  description: 

Engineering  science:  2  credits  or  67% 

Engineering  design:  1  credits  or  33% 

Prepared  by:  Dr^ . J Jl.  HfllzaraaQ  Date:  March  leea 


FIGURE  25.  COURSE  DESCRIPTION  FOR  NEW  ORLEANS  NAME  4120,  SHIP 
STRUCTURAL  DESIGN  AND  ANALYSIS 
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COURSl  DXSCRZPTIOIt 

NAME  4096— Finite  Element  Analysis  in  Ship  Structures 
Fall  Semester  1992 

1992  Catalog  Data:  NAME  4096  Special  Topics  in  Naval 

Architecture 

Textbook:  William  Weaver,  Finite  Elements  for  Structural 
Analysis,  Prentice  Hall,  1984. 

Reference:  K.  Gallager,  Finite  Element  Analysis  Fundamentals, 
Prentice  Hall,  1975 

Coordinator:  J.M.  Falzarano,  Assistant  Professor  of  N.A.M.E. 

Goals:  This  course  is  designed  to  give  seniors  in  naval 
architecture  and  marine  engineering  an  introductory 
understanding  of  the  use  of  finite  elements  for  ship 
structural  design  and  analysis. 

Prerequisites  by  topic: 

1.  Basic  Ship  structural  design 

2.  Strength  of  materials 

3.  Basic  vibrations 

Topics : 

Introduction  to  Finite  Elements  (6  classes) 

2.  Plane  Stress  and  Strain  (6  classes) 

3  Isoparametric  Formulation  (4  classes) 

4.  Flexure  of  Plates  (4  classes) 

5.  General  and  Axisymetric  Shells  (4  classes) 

6.  Vibration  Analysis  (4  classes) 

7.  Instability  Analysis  (2  classes) 

8.  Tests  (2  classes) 


Computer  usage: 

1  Three  homework  assignments,  students  are  required  to  ^  a 
general  purpose  finite  element  program  to  analyze  various 
aspects  of  finite  element  analysis  including  a  cantilever 
beam  and  a  plate  with  a  hole  in  it. 


ABET  category  content  as  estimated  by  faculty  member  who  prepared  . 

this  course  description: 

Engineering  science:  2  credits  or  67% 

Rnaineering  design:  1  credits  or  33% 


Engineering  design 
Prepared  by:  nr .  J.M. — Ealzarano 


Date;  March  28, _ 1114 


FIGURE  26.  COURSE  DESCRIPTION  FOR  NEW  ORLEANS  NAME  4096,  FINITE 
^  ELEMENT  ANALYSIS  IN  SHIP  STRUCTURES 
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COOKSI  DISCIUtPTZOH 

NAME  4096  -  Stability  of  Ship  Structures 
Spring  Semester  1994 


Proposed  Catalog  Data: 

NA^  4096  Stability  of  Ship  Structures.  3  Credits. 
St^ility  problem*  of  ship  and  off-shore  struccuri* 

pl«stic  buckllnp; 

plates  and  thin  shell-type  structures. 


;  stability  of 
buckling  of 


Textbook:  Theoiy  of  Elastic  Stability,  s. 
Gere,  McGraw-Hill,  New  York,  1981. 


P.  Timoshenko  and  J.  M. 


Reference:  Structure  Stability,  W.  P.  Chen  and  E.  M.  Lui 
Elsevier,  1987. 


Coordinator: 


course  is  designed  to  give  students  the  knowledge  of 
®tability  problems  of  ship  and  offshore  structures. 


Prerequisites  by  Topics: 

Theory  of  stresses  euid  strains 
Differential  equations 
Theory  of  bending  of  beams 
Knowledge  of  ship/off-shore  structures 


Topics: 

Beam-columns  (8  classes) 

Elastic  buckling  of  bars  and  frames  (6  classes) 
Inelastic  buckling  columns  (3  classes) 

Buckling  of  elastic  plates  (7  classes) 
Fundamentals  of  buckling  of  shells  (3  classes) 
Tests  (3  classes) 


Estimated  ABET  Category  Content: 
Engineering  Science:  3  credits  or  100% 


Prepared  by:  Dr*  B.  Inozu  Date:  March  3a.  loo^ 


FIGURE  27.  COURSE  DESCRIPTION  FOR  NEW  ORLEANS  NAME  4096,  STABILITY  OF 
SHIP  STRUCTURES 
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FIGURE  28.  COURSE  DESCRIPTION  FOR  NEW  ORLEANS  NAME  4161,  SMALL  CRAFT  DESIGN 


ENMB  4756*Mechanlci  of  Composite  Materials 
Pall  Semester  1993 

1992/94  Catalog  Data:  ENME  4754  Mechanics  of  Composite 

Materials  Cr  3 

Prerequisites:  Civil  Engineering  4353  or  consent  of 
department.  Analysis  of  stress,  strain,  and  strength 
of  fiber  reinforced  composite  laminates.  Topics 
include  laminated  plate  theory,  stress  analysis  of 
orthotropic  plates,  damage  mechanisms,  fatigue, 
impact,  and  environmental  effects. 

Textbook:  Agaival,  B.  D.,  and  Broutman,  L.  J.,  Analysis  and 
Performance  of  Fiber  Composites,  Second  Edition,  J. 
Wiley  6  Sons,  Inc. 

Reference:  Jones,  R.  M.,  Mechanics  of  Composite  Materials, 

Scripta  Book  Co.,  1975. 

Coordinator:  Paul  D.  Herrington,  Assistant  Professor 

Goals:  The  goal  of  this  course  is  to  provide  students  a 

fundamental  understanding  of  the  mechanics  of 
cocrqposite  materials  and  their  behavior  under  typical 
service  conditions.  A  design  project  including  a 
written  and  oral  presentation  is  required. 

Prerequisites  by  Topics: 

1.  Advanced  Strength  of  Materials 

2.  Engineering  Analysis 

Topics : 

1.  Introduction  (1  class) 

2.  Materials  and  processing  (3  classes) 

3.  Behavior  of  uni-directional  cosqposites  (4  classes) 

4.  Analysis  of  orthotropic  lamina  (8  classes) 

5.  Analysis  of  laminated  cooposites  (4  classes) 

€.  Damage  mechanisms  and  failure  criteria  (3  classes) 

7.  Intact  and  fatigue  (3  classes) 

8.  Environmental  degradation  (1  class) 

9.  Nondestructive  evaluation  (1  class) 

Computer  Usage: 

Students  are  required  to  use  the  VAX-cluster  and/or  microcoo^uter 

for  solving  homework  problems  and  for  the  analysis  of  design 

project  alternatives. 

ABET  category  content  as  estimated  by  faculty  member  who  prepared 

this  course  description: 

Engineering  Science:  2  credits  or  64.7% 

Engineering  Design:  1  credit  or  33.3% 

Prepared  by:  Paul  Herrington  Date:  September  24,  1993 


FIGURE  29.  COURSE  DESCRIPTION  FOR  NEW  ORLEANS  ENME  4756,  MECHANICS  OF 
COMPOSITE  MATERIALS 
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COURSE  INFORMATIOM  SHEET 


COURSE  NUMBER  &  TniE;  Englntering  6002  •  SNp  Hu6  Strength 
CALENDAR  REFERENCE:  Pag*  297  of  tha  1991/1992  Undargraduata  Univartity 

Calendar. 

CEA8  COURSE  TYPE:  Program  Compulaory 
TOTAL  NUMBER  OF  LECTURE  SECTIONS:  On# 

MINIMUM/MAXiMUM  NUMBER  OF  STUDENTS  PER  SECTION:  5/15 
TOTAL  NUMBER  OF  LABORATORY/TUTORIAL  SECTIONS:  On* 
MINIMUM/MAXIMUM  NUMBER  OF  STUDENTS  PER  UBORATORY/TUTORIAL 
SECTION:  5/16 
MAJOR  TOPICS: 

1.  Longitudinal  Strength  of  Ships  (9  lectures). 

2.  Transverse  Strength  (12  lectures). 

3.  Torsion  (3  lectures). 

4.  Matrix  Oisptacement  Method  (6  lectures). 

5.  Finite  Element  Methods  (6  lectures). 

PRESCRIBED  TEXTIS): 

1.  Stfanpth  of  Ships,  by  J.R.  Paulng. 

Chapter  4.  In  PirinciolM  flf  Navil  Afchttactuft.  YoL  i 
E.V.  Lewis.  Editor. .  SNAME.  (1986). 

2.  tntfodoetofv  Structufsl  Analvils. 

by  Wang  and  Salmon.  Prentice  Hal.  (198^. 

INSTRUCTIONAL  HOURS  PER  WEEK:  3  lectures  and  2  lab.Autorial  hours  per  week. 

COMPUTER  EXPERIENCE:  Students  are  required  to  design  a  spread  sheet  for  a  ship's 

midship  section  calcuistion. 

LABORATORY  EXPERIENCE:  students  era  required  to  submit  a  midship  section  design 

project. 

PROFESSOR-IN-CHARCE:  M.  R.  Haddara.  Ph.O..  M.S..  P.Eng..  C.Eng..  Professor 
(Naval  Architectural  Engineering). 

TEACHING  ASSISTANTS  (NUMBER/HOURS):  1/52 

CEAB  CURRICULUM  CATEGORY  CONTENT: 

TOTAL  NUMBER  OF  LOAD  UNITS  «  4 
Engineering  Science  »  2.4  units 
Engineering  Design  *1.6  units 

AVERAGE  GRAOE/FAILURE  RATE:  69%/0% 


FIGURE  30.  COURSE  INFORMATION  SHEET  FOR  MEMORIAL  E6002,  SHIP  HULL 
STRENGTH 
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COURSE  INFORMATION  SHEET 


COURSE  NUMBER  4  TITLE;  Enor.7002  Ship  Structural  Ar^alyaia  ar>d  Oaalgn 
CALENDAR  REFERENCE:  Page  299  of  tha  1991-92  Undargraduata  Univarsity 
Calendar  (listed  as  8002) 

CEAB  COURSE  TYPE:  Compulsory 

TOTAL  NUMBER  OF  LECTURE  SECTIONS:  1 

MINIMUM/MAXIMUM  NUMBER  OF  STUDENTS  PER  SECTION:  5/13 

TOTAL  NUMBER  OF  LABORATORY/TUTORIAL  SECTIONS:  1 

MINIMUM/MAXIMUM  NUMBER  OF  STUDENTS  PER  LABORATORY/TUTORIAL 

SECTION:  5/13 

MAJOR  TOPICS: 

1.  Ship  structural  safety:  rational  design;  rule-based  design;  partial  safety 
factors;  safety  ir>dex;  probability  of  failura  (5  lectures) 

2.  Long  uniformly  loaded  thin  plates:  elastic,  eiasto-plastic  and  plastic  design; 
various  edge  constraints  (8  lectures) 

3.  Finite  aspect  ratio  pistes:  elastic,  eiasto-plastic  and  plastic  design;  various 
edge  constraints  (4  lectures) 

4.  Buckling  and  ultimate  strength  of  columns  (3  lectures) 

5.  Buckling  of  (long)  plates  including  concepts  of  affective  and  reduced 
effective  width  (6  lectures) 

6.  Grfliage  design:  effective  breadth;  plastic  design  of  beams;  combined  loads 
and  failura;  magnification  factor;  interaction  equations  to  estimate  failure  (6 
lectures) 

7.  Buckfrtg  of  wide  plates;  welding  distortions  and  their  effect  on  incremental 
collapse  (4  lectures) 

PRESCRIBED  TEXT(S):  No  texts  are  prescribed  due  to  expense;  the  following  is  a 
referei>ce  for  the  course: 

Hughes,  O.F.,  1 983,  Sh^)  structural  design,  Wiley-Interscience.  Republished  by  The 
Society  of  Naval  Architects  and  Marine  Engineers,  New  York. 

INSTRUCTIONAL  HOURS  PER  WEEK:  3  lecture  hours  per  week  (1  term);  occasional 
tutorial  and  discussion  sessions  averaging  out  to  1  hour  every  two  weeks. 
COMPUTER  EXPERIENCE:  nl 
LABORATORY  EXPERIENCE:  nN 

PflOFESSOR-IN-CHARGE:  Nei  Bose.  Ph.O.,  P.Eng.,  Assoc.  Prof.  (Naval  Architectural 
Engineering) 

TEACHING  ASSISTANTS  (NUMBER  HOURS):  1/50 
CEAB  CURRICULUM  CATEGORY  CONTENT; 

TOTAL  NUMBER  OF  LOAD  UNITS  »  3.25 
Engineering  Science  ^  1.5 
Engineering  Design  >1.75 
AVERAGE  GRADE/FAILURE  RATE:  72.4/0(1988-91) 


FIGURE  31.  COURSE  INFORMATION  SHEET  FOR  MEMORIAL  E7002,  SHIP 
STRUCTURAL  ANALYSIS  AND  DESIGN 
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senior  year  are  7933,  Stress  Analysis,  and  8058,  Submersible  Design.  The  brief 
coxirse  descriptions,  from  the  calendar,  and  those  for  4312  and  5312,  the  two  course 
sequence  in  the  basic  Mechanics  of  Solids  that  are  prerequisites  for  the  ship 
structures  courses,  are  reproduced  in  Figure  32.  Other  structural  analysis  and  design 
courses  are  available  in  the  programs  in  civil  and  mechanical  engineering  also  offered 
by  the  Faculty  of  Engineering  and  Applied  Science. 

The  University  of  California  -  Berkeley 

The  single  undergraduate  structures  course  in  the  current  undergraduate 
program  at  Berkeley  is  NA  154,  Ship  Structures,  and  the  description  of  it  in  the 
ABET  format  is  shown  in  Figure  33.  More  interesting  perhaps  are  the  several 
outlines  in  hand  for  that  same  course  in  recent  years,  particularly  the  differences  in 
actual  content  as  well  as  the  different  ways  in  which  several  of  the  same  topics  can 
be  described  by  two  different  but  knowledgeable  professors  (and  Professors  Mansour 
and  Paulling  are  indeed  very  well  qualified  to  be  so  designated).  Also,  because  these 
outlines  collectively  include  just  about  every  topic  with  which  it  would  be  highly 
desirable  every  bachelor's  degree  naval  architect  and/or  ocean  (or  "offshore,"  since 
Berkeley  is  the  subject)  engineer  had  presented  to  him,  they  are  reproduced  in  Figures 
34  through  36.  Viewed  in  that  sense,  they  also  clearly  demonstrate  that  a  single 
required  course  in  marine  structural  analysis  and  design  in  any  undergraduate 
program  in  naval  architecture  or  offshore  engineering  is  indeed  inadequate.  With  the 
situation  at  Berkeley  currently  in  transition  it  is  probably  not  entirely  established 
what  material  should  be  in  what  course  at  present,  but  there  are  two  graduate 
courses,  240A  and  240B,  being  given  at  present  by  the  department.  A  tentative 
outline  for  240 A,  Theory  of  Ship  Structures,  is  shown  in  Figure  37,  primarily  to 
illustrate  how  rational  and  current  course  content  at  that  level  can  be  in  that  the 
probabilistic  approach  to  loading  and  a  reliability  based  determination  of  response  are 
both  included.  Other  departments  and  programs  at  Berkeley  in  all  of  the  established 
engineering  disciplines  offer  a  great  number  of  additional  courses  in  structural 
analysis  and  design  and  related  subjects,  and  graduate  students  in  the  Naval 
Architecture  and  Offshore  Engineering  Department  can  specialize  further  by 
selecting  from  among  them  much  as  do  those  at  Michigan  and  the  other  universities. 
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compcsnents  antlyjis,  laterally  tosdsd  grillages  awl  cross-siiffemd  plates, 
plate  buckling,  modes  of  poMibk  failure  to  be  designed  against,  use 
theory  and  classificaticm  society  rutes  in  combinatjon  in  the  desiim  wccess. 
Pter^uisiia:  NA  151,  CE  13^ 


J.P.  Comstock  Editor,  Pnncipies  w  Naval  Architeaure.  SNAME,  1967. 
R.  Taggart.  Editor,  Ship  Design  and  Constructkm,  SNAME.  1980. 


1.  StnKtural  loads  experienced  by  ships  and  other  marine  stmctwes.  (Classes) 

2.  Bok  girder  tkoty  with  en^shasis  on  shear  and  torsional  eifecss.  (7  classes) 

3.  HuIl<fcckhouse  intcractkm.  (S  classes) 


an 


OUTUNC 


HAJ54 - Ship  Stru<tgrti _  A.  t. 


1.  ChtncterUtics  of  ship  structure 

(i)  Strenjth  versus  stiffness 

(b)  PriMrv,  seconder/  end  tertier/  behevior 
(<)  Tyoicei  aidship  sections 
i,  loeds  «pp1ie4  to  ship  structure 

(«)  Stittc  loads—standard  longitudinal  strength  calculations 

(b)  (^naaic  1oads**1ow  and  high  frequency  loads 

3.  box  girder  analysis 

(a)  Two  diaensional  stress  analysis 

(b)  Stress  distribution  around  a  section 

(c)  Shear  and  girth  stresses 

(d)  Design  considerations 

(e) Ulli«ate strength  and  failure  aodes 

4.  Shear  lag  and  effective  VeadUt 

(a)  basic  concept 

(b)  Application  and  design  charts 

5.  Deckhouses  and  superstructures 

(a)  Two’beaa  analysis 

(b)  Cxperinental  results 

6.  bending  of  plates 

(a)  Isotropic  plates 

(b)  Orthotropic  and  stiffened. plates 

7.  buckling  of  plates 

(a)  Isotropic 

(b)  Orthotropic 

6.  Ultimate  strength  of  beams,  plates  and  box  girders 


FIGURE  34.  ANOTHER  COURSE  DESCRIPTION  FOR  BERKELEY  NA  154,  SHIP 
STRUCTURES 
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F«ll  tm 


Ship  Sirwcturtt 

InttfMctorl  *!•  Fwlltofl 

Cour««  Outlin*  «nd  Sch*<5ul«  (Subjtct  to  ch^n^t  ot  Mhi*  of  instructor) 

Fcadino  Rtferoncti  f'NA  •  Prtncipit*  of  Nsval  Archittcturo,  Vo).  I,  Lewis  ltd.) 

Pub.  SUfte,  N.T.,  1968. 


Ussk 

loflJt 

Readino  Reference 

1 

Introduction  *  Tho  bi9  picture. 

Ship  structural  static  loads. 

Ch.  3,  Sect.  1 
2.1.  2.1 

7 

Dynanic  Have  loads  *  detereinistic. 
Probabilistic. 

2.3- 2.S 

2.4- 2.I 

3 

Looq  tere  extr«a.e  loads. 

Other  components  of  dynamic  loadinp 

2.4-2. 10 

2.11 

4 

(ton  girder  analysis 

Section  eodulus  computation 

3.I-3.2 

3.3 

S 

Shear  and  transverse  stress  distribution 

3.4-3.5 

4 

Shear  la^  and  effective  breadth 

3.6 

1 

Torsion  and  related  effects 

3.7 

• 

Secondary  structural  response 

3.8,  3.3 

♦ 

Plate  bending 

HIOTERH  EXAM 

3.10.  3.11 

to 

Transverse  strength  considerations 
Deckhouses  and  superstructures 

3.12 

3.13 

tl 

nodes  of  structural  failure,  lieit  states 
Failure  theories 

4.1-4.3 

12 

Structural  instability  and  buckling 

4. 3-4. 7 

13 

Ultimate  strength 

Fatigue 

4.e 

4.;i 

14 

Introduction  to  reliability 

Sect.  3 

15 

Catch  up.  Loose  ends.  PevltH. 

FIGURE  35.  ANOTHER  COURSE  DESCRIPTION  FOR  BERKELEY  NA  154,  SHIP 
STRUCTURES 
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7oi>lctt  OutlU* 
lU  IS4  •  Ship  Structures 

!•  Mature  of  eblp  etrueturee  aad  basic  coocepte  of  ship 
structural  deslgs. 

a.  Arrangeaeat  of  structural  cosipooeats. 

b.  Fuoctloa  of  structural  coaponents. 

c.  Comparlaoa  of  ship  structures  to  other  structures. 

d.  Subdlvlsloo  of  respoose  (prlaarp,  eecoodarp,  tertlarp). 

3.  Ship  structural  loads  (deaaod) 

a.  List  of  loads  (static,  quasl-statle.  dynaalc) 

b.  Standard  static  load  conputatlos  and  use  ia  classlflcatlos 
society  rules. 

3.  Plane  stress  analysis 

a.  Derivation  of  equations  of  equlllbrlua. 

b.  Stress  concestratloa. 

4.  Analysis  of  bull  girder  and  bell  aodule  coaponents 

a.  Bleaentary  box  beaa  analysis  is  bending. 

b.  Torsion  of  tbla-ealled  slender  beaas  with  closed  sections. 

c.  Shear  effects  Is  thln-«alled  slender  beaas. 

5.  Laterally  loaded  grillages  aad  cross-stiffened  panels: 
description  of  pbescaeaa,  derivation  of  equatloas  of  equlllbrlua, 
use  of  design  cherts. 

6.  Buckling  aad  ultlaate  strength  of  colunns  aad  plates. 

7.  Further  aspects  of  structural  failure  (capability). 

a.  Teoslle/coapresslve  fracture  and  failure  theories 

b.  Fatigue 

c.  Brittle  fracture 

d.  Welded  connections 

8.  Uncertainty  of  design  process  (denaod  vs.  capability). 

9.  Classification  society  rules. 

FIGURE  36.  ANOTHER  COURSE  DESCRIPTION  FOR  BERKELEY  NA  154,  SHIP 
STRUCTURES 
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auA  *  THeoRY  or  ship  strocturcs 

A1««  H^ntour 


TCMTATIVC  OUniMC 

I*  ReprfSf ntAt loA  oC  the  StA  Surfict 

1.  ProbAbiUty  dUtr IbuClont  associated  with  a  randoa 
process, 

2.  Stationary  arvd  ergodlc  processes, 

3.  Autocorrelation  function  and  spectral  density  of  a 

stationary  randoa  process, 

4*  Typical  sea  data  and  sea  spectra. 

It.  Oynaolc  loads  and  response  of  a  ship  hull  considered  as  a 
rl^id  body. 

1.  Input  -  output  relations 

2.  Transfer  functions  /response  amplitude  operators. 

3.  Ship  response  spectra  in  lon9-and  short-crested  seas. 

III.  Lon^-ters  Prediction  of  Wave  loads  •  Cxtrese  Value  and 
Order  Statistics 

1.  long-ters  distributions. 

2.  Cxtrese  wave  loads  *  order  statistics, 

3.  Cxtreee  total  wave  and  Stillwater  loads, 

IV.  fully  Probabilistic  Reliability  Analysis  (level  II!) 

1.  Variability  in  hull  strength. 

2.  Reliability  concepts. 

3.  Probability  of  failure  usin^  deterainistic  or  noraally 
distributed  Stillwater  loads. 

e.Rodes  of  failure  in  ho^^in^  and  sa^^in^  conditions  * 
bounds  on  the  total  probability  of  failure. 

V.  failure  Analysis  Procedures  •  Design  Considerations 

1.  lon^-tero  procedure. 

2.  Short-tere  procedure. 

3.  Appl icat ion  of  failure  analysis  to  a  Mariner  and  a 
tanker. 

4.  The  level  of  safety-optlaisation  criteria. 

5.  Oeteralnation  of  a  hull  section  eodulus  for  a  prescribed 
level  of  safety. 

VI.  Seal-Probabilistic  Reliability  Analysis  (level  11) 

1.  The  Been  value  first  order  second  aoaent  aethod. 

2.  The  Rasofer/lind  reliability  Index, 

3.  Inclusion  of  distribution  inforaation, 

4.  Partial  safety  factors  (level  I). 

5.  Cxaaple  application  and  coapirisons. 

Vll,  Oynaaic  loads  and  Response  of  a  Ship  Hull  Considered  as  a 
flexible  body 

1.  HlQh-freqoency  steady  sprinqinq  loads  and  response. 

2,  Hiqh* f requency  transient-sldaainq  loads  and  response. 

),  Co^bininq  the  hiqh*and  low-frequency  loads, 

veil.  Ship  Hull  Ultiaate  Strenqth 

1.  failure  as  a  result  of  yleldinq  and  plastic  flow  (the 

plastic  collapse,  shakedown  and  initial  yield  aoaents)  . 

2.  failure  as  a  result  of  instability  and  bucklinq  (nodes  of 
stiffened  plate  bucklinq  failure). 


FIGURE  37.  COURSE  DESCRIPTION  FOR  BERKELEY  NA  240A,  THEORY  OF  SHIP 
STRUCTURES 
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United  States  Coast  Guard  Academy 


The  contents  of  the  1442  course  entitled  Principles  of  Ship  Design  and  1444, 
entitled  Ship  Design  and  System  Integration,  at  the  Coast  Guard  Academy  include 
many  topics  beyond  those  involving  structural  analysis  and  design.  But  Figure  38 
includes  the  actual  two  assignments  involving  structures  from  among  21  listed,  along 
with  the  catalog  description  of  the  first  course,  and  Figure  39  includes  similar  items 
from  the  second.  The  handout  material  for  these  courses  is  very  detailed  but  very 
organized  and  extensive.  Students  at  the  Coast  Guard  Academy  possibly  do  not  have 
available  to  them  the  same  level  and  technologically  advanced  treatments  of  marine 
structural  analysis  and  design  as  do  those  at  many  of  the  other  schools,  but  those 
graduating  are  certainly  familiar  with  the  fundamentals  of  the  subject  since  it  is  dealt 
with  soxmdly  and  well. 

United  States  Naval  Academy 

While  there  are  several  required  courses  dealing  with  several  aspects  of 
structural  analysis  and  design  in  the  naval  architecture  and  in  the  ocean  engineering 
programs  at  the  Naval  Academy,  and  more  elective  courses  available,  EN  358,  Ship 
Structures,  and  EN  441,  Ocean  Engineering  Structures,  are,  respectively,  the 
principal  ones.  The  respective  capstone  design  sequence  courses  include  the  usual 
structiu*es  content,  but  students  in  both  programs  are  also  required  to  take  EN  380, 
Naval  Materials  Science  and  Engineering,  and  evidently  learn  about  fatigue  and 
fractxire  there  in  addition  to  the  more  scientific  topics  which  are  all  that  are  included 
in  many  of  the  basic  materials  science  courses  elsewhere.  Syllabuses  for  EN  358  and 
EN  441  are  included  in  Figures  40  and  41,  along  with  the  reference  hst  for  358  and  the 
ABET  description  for  441.  These  last  two  items  would  seem  to  indicate  some 
difference  in  the  levels  of  the  treatments  in  the  courses,  but  this  could  be  in  error  and 
is  only  suggested  because  the  358  reference  list  includes  some  quite  old  -  but  classic  - 
entries  despite  listing  the  very  valuable  Hughes  book  as  well. 

Virginia  Polytechnic  Institute  and  State  University 

The  required  undergraduate  structures  courses  at  Virginia  Tech  reflect  the 
arrangement  that  places  the  ocean  engineering  program  and  the  aerospace 
engineering  in  the  same  department,  and  that  it  is  an  ocean  engineering  program 
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Fri»dplmfS>^Dt*tyi  1442 

TW  M  Md  KfeM*  «r  skip  detifiL  Han  urMfdiiiid  itnKiml  de^ 

icqdf««ieaiikr((ntp(iiidple«indAB2ivks;di(de<%«yme>i;ip(itic»- 
lMM«rettimMMM*nditerukMptoeedum«idictBpliMkMp(tl^^ 
£«eMiom  tad  wei|hi  eitinuiet;  ccmptrati  vt  wuJyns  of  rnicl  ind  paytoid 
wkk  fifuttt  of  merit;  kuH  vibndOM;  ptelioriaify  devclormetl  of  (Mctal 
wniyemeait  CAO  biieiuive  eoine  lemiaaies  wUk  i  Mm-prtptred 
pteBaiiatiy  kutl  and  amatementt  detifn  lo  be  completed  ia  Skip  Deti|n/ 
System  lnte|ntioa  (1444X 
OcAHoon;  44 

Fonnat:  Oais  Project 


Prenqaisite:  1342 

Cott^iuiie:  1433 

Restrktioos:  Uc  Cadeu  and  NAME  ^ 


rMjKTD  ofmiNc:  tut. 


19.  Lonyltudintl  Strenyth  Aailviii  fM  •  Baled  apoa  yow  Second 

Weifki/CXX}  Estiouta.  Loadlai  Cooditloa  Calcaltb’ooi  tad  appropriate 

rooUnet  from  MaxSurt/Hydroaux,  tke  Dcii|e  Team  ihaU: 

a.  Evalatte  Still  Water,  Ro{|ia|  aad  Sa||iaf  Loafitodliu]  Strenxili  of 
yoor  tFciiel  la  each  of  the  4  loadiof  cooditiooa.  The  auxlfflum 
beadlaf  atoateat  aad  ibear  force  ihall  be  bifhli|hted  for  each 
coaditloa. 

b.  Uaiaf  the  tnutmum  bcadiai  atomeat  aad  tbear  force  traluea  from 
part  a),  determlae  the  material  eied  in  the  cooitrocUoa  of  yoor 
hoO  tad  cakalate  the  maximum  permissible  beadiai  aad  ibear 
itreti. 

e.  Cakelate  the  required  midship  lecdoa  modoloi  for  yoor  vessel. 

d.  Provide  ptott  of  tbe  weight,  baoyaacy.  load,  shear  aad  beadiof 
moment  corves  for  each  of  the  aaalyzed  cases,  ideatifyiei  the 
locatioos  of  the  maximum  shear  and  beadiaf  aoomeat  values. 

20.  Midship  Sectioa  Desipa  (51  •  Based  opoa  the  results  of  the 

Loo|itodlma]  Strea^th  AaalysU  of  your  vessel  aad  appropriate 

atmctural  desita  criteria,  the  Deslp  Team  shall: 

a.  Desip.  draw  aad  label  the  midship  tecdoa  for  your  vessel  lasure 
that  all  Btj^or  structural  eoembers  are  iacloded  tad  duneasioes 
are  provid^. 

b.  Deiermiae  the  plate  thkkaess  for  all  decks,  shell  aad  bottom 
platiaf. 

c.  Determlae  the  site  aad  locatioo  for  all  nujor  structural  members 
ia  accordsace  with  applksUe  ABS  rules,  USNAISCG  specificatioos, 
aad  CFB  rcquiremeots. 

d.  Determlae  the  required  thickness  sad  stifTeoer  sizia|  for  typical 
bulkheads  >  collision,  deep  unk  sad  sisndud  waiertifht. 

e.  Detenaine  the  Moment  of  laertit  and  locatioo  of  the  Neutral  Axis 
for  your  midship  section.  Provide  actual  bendio|  rooroeni  and 
shear  stress  cakulations  for  this  section  and  compare  said  actual 
values  lo  tbe  maximum  permissible  values  from  part  b)  of  the 
Lonxitudioal  Streofth  Analysis. 

FIGURE  38.  CATALOG  DESCRIPTION  AND  SELECTED  ASSIGNMENTS,  USCG 
ACADEMY  COURSE  1442,  PRINCIPLES  OF  SHIP  DESIGN 
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FIGURE  39.  CATALOG  DESCRIPTION  AND  SELECTED  ASSIGNMENTS,  USCG 
ACADEMY  COURSE  1444,  SHIP  DESIGN/SYSTEM  INTEGRATION 
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FIGURE  41.  COURSE  DESCRIPTION  AND  SYLLABUS  FOR  US  NAVAL  ACADEMY  COURSE  EN  441 
OCEAN  ENGINEERING  STRUCTURES 


rather  than  one  in  naval  architecture.  The  first  one  after  the  basic  mechanics  of 
deformable  bodies,  AOE  3024,  is  in  fact  named  Thin  Walled  Structures  and  is  included 
in  both  curricula.  Information  on  this  course,  including  the  syllabus,  is  reproduced  in 
Figure  42.  The  content  is  somewhat  advanced  for  a  first  course  actually  dealing  with 
structures  rather  than  fundamental  material,  but  it  is  obviously  tailored  to  prepare 
students  for  the  differing  following  structures  courses  in  each  of  the  programs.  In 
ocean  engineering  this  is  AOE  3224,  Ocean  Structures.  The  description  of  this 
course,  in  the  same  format,  is  given  in  Figure  43  and  examination  will  demonstrate 
that  ships  as  well  as  ocean  structures  such  as  offshore  platforms  are  involved. 
Professor  Hughes  evidently  incorporates  the  limit  state  analysis  concept  -  buckling, 
fracture,  and  plastic  collapse,  for  example  -  in  this  course  much  as  he  did  in  the  text 
"Ship  Structural  Design:  A  Rationally-Based  Computer-Aided  Optimization 
Approach."  (Terming  this  work  a  textbook  rather  than  a  reference  is  justified  by 
comparing  it  with  say  the  chapters  concerned  with  ship  structures  in  the  various 
other  Society  of  Naval  Architects  and  Marine  Engineers  books  and  several  other 
references  mentioned  elsewhere  in  this  section.  It  does  indeed  remain  the  single  best 
text  currently  available  dealing  with  marine  structural  analysis  and  design.) 
Somewhat  abbreviated  syllabuses  for  many  of  the  succeeding  structures  courses 
offered  by  this  single  department  -  AOE  4034,  Computational  Structural  Analysis, 
AOE  4054,  Stability  of  Structures,  AOE  4184,  Design  and  Optimization  of  Composite 
Structures,  AOE  4984,  Computer-Based  Design  of  Thin-Wall  Structures,  and  AOE 
5024,  Vehicle  Structures  -  are  given  in  Figures  44  through  48  to  illustrate  the 
advantages  in  combining  the  structural  offerings  needed  in  two  mechanics-based 
engineering  disciplines  so  as  efficiently  to  provide  viable  undergraduate  and  graduate 
programs  in  both. 

Massachusetts  Institute  of  Technology 

The  situation  at  MIT  is  apparently  in  transition  as  this  is  written,  but  those 
undergraduates  in  the  ocean  engineering  program  presumably  take  or  recently  took  a 
course  13.014,  Marine  Structures  and  Materials,  and  the  syllabus  for  this  course  as 
taught  in  1994  is  given  in  Figure  49.  The  combining  of  classical  somewhat  advanced 
strength  of  materials  topics  with  the  properties  and  basic  science  considerations  of 
materials  -  as  determined  by  someone  as  eminently  qualified  as  Professor 
Masubuchi  -  results  in  a  presentation  in  which  matters  like  fi'acture  and  plastic 
deformation  must  be  better  explained  and  hence  better  understood  by  the 
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FIGURE  42.  COURSE  DESCRIPTION  OF  VIRGINIA  TECH  AOE  3024,  STRUCTURES  I 
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FIGURE  43.  COURSE  DESCRIPTION  OF  VIRGINIA  TECH  AOE  3224, 
OCEAN  STRUCTURES 
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frtodo#  structure A 
Netrix  ItorAtloa 


FIGURE  44.  COURSE  DESCRIPTION  OF  VIRGINIA  TECH  AOE  4034, 
COMPUTATIONAL  STRUCTURAL  ANALYSIS 
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Nov^Ater  25,  im 


hOgyUkCZ  M  OCtAN  CMClMCtlMC  4054 

nA5tcin  or  mucrvtu 

(  TirU:  fTAf.  or  STHUCrVMS  ) 

t.  CATAUX;  XSOimiOlf; 

4054  sTAsaiTY  Of  sTfttxrruus 

Introduction  to  tho  oothodt  of  static  structural  stabil¬ 
ity  anlyais  and  thoir  applications.  Buckling  of  columns 
and  franss,  Cnar^y  aothod  and  approxlnats  solutions. 
Clastic  and  Inslastlc  behavior.  Torsional  and  latsrai 
buckliof.  Use  of  stability  as  a  structural  dasign  cri* 
tsrloa.  ff  :  2024  or  CC  3111  or  C5M  30BO.  (3H,3C) 

i,n. 

n.  COi/RSC  STATUS: 

a.  Rsvlssd  courss 

b.  Expansion  of  AOC  4400 

c.  Cffoctivs  March  19B7 

d.  Craduata  crodit  rtqusstsd 

til.  PRCRCQUISITtS  A  CDftCQUlSlTCS: 

Basic  Mthods  of  structural  analysis  covarad  in  3024  or 
CB  3111  or  tSH  3000. 

IV,  JUSTiriCATIOHj 

This  coursa  is  an  alactiva  for  AOC,  CC  and  CSM  ssniora 
and  graduate  studaats.  Tha  coursa  iocludas  both  thaora* 
tical  coflcspts  of  stability  and  applications  to  struc¬ 
tural  aa^inaarlAf  practica.  To  undarstand  tha 

aathaaatical  theory  re<2ulras  a  ainiaua  of  senior  leval 
■aturity  ia  structural  analysis.  This  is  aa  expansion 
of  the  naterisl  covered  in  AOC  4400.  The  course  it 
cross  listed  vith  CC  and  C$M  4054. 

V.  CDUCATICMAL  OBJCCTIVCS: 

The  sin  is  to  ^ira  studanta  an  undaratandin^  of  tha  in- 
portanca  of  stability  as  a  govarnino  dasiga  crittrlon 
and  to  provida  tha  besia  for  undarstandlng  tha  buckling 
criteria  in  dasign  codas. 


2.  Claxural  Buckling  of 

Colunns 

CguiUbrlua  approach; 
parfact  and  laperfect 
colunna,  Southvall 
Plot 

Kinatic  approach, 
load- frequency  curves 
Energy  spproach  and 
approxinate  nathoda; 
taylaigh-Cits, 
Calarkin,  finlta 
diffaranea 
Clastic  support 
conditions  and 
slastic  foundation; 
critical  spring 
stlffnasa 

tnalsstic  bahavlor; 
colujsn  dasign  curve 

3.  Buckling  of  Plana 

fraaaa 

Application  of  baen- 
colujui  theory 
Sway  buckling 

4.  Toraionai-flaxurai 

Buckling  and 
Utaral  Buckling  of 
Thin-Wallad  Open- 
Sactioo  Cotuana 

5.  Bonconssrvativa  Loads 

Back's  Coluan 


yo% 


20% 


20% 

lOX 


100% 


Vt.  INSTBUCTOt; 

C.  t.  Johnson,  4494 

Vtl.  TtXT5  AM)  SPECIAL  TIACSINC  AIDS: 

Slnltsas,  C.  M..  CLASTIC  STABILITY  OP  STtUCTUtCS, 
PrsAtics  Ball,  1974. 

Vllt.  SYLLABUS: 


Pareant  of 
Coursa 

1.  tntro^ction  Using  Bigid  Bar 
and  Spring  Hodals  of  Baal 
ftructuraa  20% 

Concapts  and  definitions 
of  stability 
Cquilibrltai,  energy, 
and  kinetic  aethods 
of  analysis 

Poms  of  instability 
bifurcation,  Uait 
point 

leperfection  sensitivity 


FIGURE  45.  COURSE  DESCRIPTION  OF  VIRGINIA  TECH  AOE  4054,  STABILITY  OF 
STRUCTURES 
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F«rC4iAt  of 
Couroo 


XntOSPXCt  AXO  OCIAJI  BWIKtrWHC  4114 
DtsxGii  jun>  opmaxATion  or  coicpositi  iutiwau  x»  fTKOcnmis 
(  ADP  TlTLl:  OCS/OPT  Of  COKP  KATLS  ) 

1.  CkthXJOa  DESCWPTIOWl 

4U4 
S»  4IM 

Desiar  akd  optikiution  or  cottposin  matboals  axd 
mocnnm 


Dos  1911  ospocto  of  loBlnoto  const itutivo  rsUtlons, 
coupling  snd  dscoupling  of  in-plsno  snd  out*of-pltno 
•Isstic  rssponso.  Tailoring  of  lasinatsd  cosposlto 
Mtorlals  to  Mst  dsslgn  rogulrasonts  on  stlffnass  and 
otranatli  through  tha  osa  of  graphical  and  nuaarlcal 
optlsitatlon  tochnlguas.  Introduction  to  Intagar 
prograulngt  branch-and-bound  aathod  and  ganatlc 
algor Ithas.  Stacking  taquanca  dsslgn  of  laalnatad 
ocwposlta  bsaas  and  platss  via  Intagar  prograning. 

Prat  )024,  CB  3404,  or  XSK  3014.  (3R,  3C)  aach.  ZI. 


XX,  OOORSX  STATUS: 


XXX* 


a.  Vav  Coursa. 

b.  S/A. 

C,  tffactlva  data  Is  Spring  Sassstar,  IH3. 
d.  Craduata  cradit  Is  not  raguaatad. 
prerequisites  a  OOREQUl sites: 


Knovladga  of  tha  fundasantals  of  aachanlcs  of  daforn^la 
aatarials,  and  structural  nachanlcs  Is 
Knovladga  of  sachanlca  of  coaposlta  aatarials  Is  highly 
racoMsandad  but  not  raquirad. 


tv.  JUSTlPICATIOtf: 


Laalnatad  coaposlta  aatarials  ara  raplacing  convantlor\al 
aatarials  In  aany  structural  daslgn  applications.  An 
incraasad  nusbar  of  aatarlal  varlablas  that  can  ba  usad 
to  aaat  daslgn  raqulraaants  aaXas  opt  lal  sat  Ion  an  Idaal 
tool  for  daslgn.  Tha  dlscrata  natura  of  ply  thlcknass 
and  fibar  orlantatlon  anglas  that  ara  usad  for  practical 
daslgn  situations  furthar  raqulras  tha  usa  of  Intagar 
prograaslng  sathods.  Tha  daslgn  of  coaposlta  aatarials 
Is,  tharafora,  primarily  a  stacking  saguanca 
optlaitatioo  problaa  vhlcb  ragulras  vary  spaclal 
optimisation  tools. 


V.  IDOCATIOHAL  OBJECTIVES: 


At  tbo  succsssful  conplatlon  of  this  coursa,  tha 
studants  vlll  ba  abla  to  daslgn  stscklng  sagusncs  of 
lamlnatsd  oosposttas  optimally  by  making  osa  of  unlqua 
elastic  propartlss  of  tha  aatarlal  that  ccupla  In-plano 
and  out-of 'plana  da  format  Ion  nodas  In  a  cosplax  mannar. 
Studants  vlll  bs  abla  to  usa  novel  computar  basad 
prograsming  tachniguaa  for  tha  atscklng  aaguanca  daslgn, 
Sind  damonstrata  tha  approach  by  daalgnlng  baas  and  plata 
structuraa  for  In^plana  and  out-of^plana  atlffnasa  and 
strangth  ragulrasants. 

VI.  INSTRUCTOA: 


Eafar  Gurdal,  E5M  Profassor,  l'S905  and  Raphaal  T.  Raftka, 
AOE  Profassor,  l'4t4a. 

VXX.  TEXTS  AMO  SPECIAL  TEACHIlfO  AIDS: 


Raquirad  Clasa  notas  by  Z.  Gurdal,  R.  T.  Haftka,  and  P. 
Bajala  (To  ba  Published).  Optional  rafaranca  textbooks 
Includa: 


Jonas,  R.  N.  KECHAKICS  OP  COKFOSITE  KATERIAtS.  Kav 
Tork,  Haslsphara  Publishing  Co.,  1975.  3S0. 

Tsai,  Staphan  M.  COMPOSITE  OESICK.  Dayton,  Ohio: 
Think  Cosposltas,  1990.  380. 

Vinson,  J.  R.,  and  R.  L.  Slarakovskl.  THE  BEHAVIOR  OP 
STRUCTURES  COMPOSED  Of  COMPOSITE  MATERIALS.  Boston: 
Kartlnus  Nijboff  Publishars,  1987.  xl,  333. 


X.  Introduction  to  daslgn  and 
optlmltatloa 

Z.  Lamlnata  oonstltutlva  bahavlor 

a.  Rachanlcal  loading  (3.9%) 

b.  lygrotharmal  loading  (3.9%) 

e.  Coupling  rasponsa,  dacoupllng 
(».5%) 

d.  Daslgn  varlabla  dafinltlons 
(X.5%) 


3.  Coapoalta  fallura  thaorias 

a.  Lamina  fallura  (2.5%) 

b.  LamlnaU  fallura  (2.5%) 

4.  Lamlnata  in^plana  atlffnasa  and 

strangth  daslgn 

a.  Ranking,  carpat  plots  (5%) 

b.  Crsphlcsl  optimisation  (7%) 

e.  Graphical  stacking  saguanca 
daslgn  (3.5%) 

d.  Sandvlch  lamlAata  daslgn 
(3.5%) 

a.  Daslgn  for  temparaturs  and 
moistura  loading  (7%) 

9.  Stacking  saquanca  daslgn  vis 

Intagar  programming 

a.  Branch'SXkd'bound  algorltha 

(7%) 

b.  Ganatlc  saarch  algorithm 
(7%) 

c.  Stocking  saquanca  daslgn  as  an 
Intagar  problaa  (3.5%) 

4.  Stacking  saquanca  design  for 

banding  atiffoass  and  strangth 

b.  Beam  daslgn  for  buckling 

(n) 

c.  Plsta  daslgn  for  buckling 
(graphical)  (2%) 

d.  Plats  daslgn  for  buckling 
(co^MiUtional)  (10%) 

7.  Expert  systems  and  artlficsl 

Intalllganca  in  compoaita  daaign 

s.  Expert  syatama  for  compoaita 
daslgn  (9.5%) 

b.  Rsursl  networks  for  cosposlts 
daslgn  (5.5%) 


2.5% 

12.0% 


5.0% 


24.0% 


17.5% 


28.0% 


11.0% 


100% 


FIGURE  46.  COURSE  DESCRIPTION  OF  VIRGINIA  TECH  AOE  4184,  DESIGN  AND 
OPTIMIZATION  OF  COMPOSITE  MATERIALS 
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V 


EDUCATIOKAt  OeJECnVO: 


aerospace  and  ocean  ENCINEERINO 
fteal  fii  I  HffT  Qan 
A06  4914 

Computer 'buad  Oespi  d  ftnirturM 

ADP  TWe:  COMP.  STRUCT.  DESJON 


HivSai  wceoMly  cnmpkmd  dkis  com,  tiM  ««ktf  vO:  (1)  «  pood 

kttMed|t  of  vwiom  Emil  MM  potiii  ID  eaci  oT  *e  £fr«re«  types  cT  tit 
vtS  tfniam;  C2)  Ei  fiaOiM  vidi  tkc  fflnyititkDiti  ilforiAni  far  ietl^  witk 
Am  Emi  fOM^  (3)  f^aemd  Emr  nrim  faHHaM  at  hm^mad  Imo  t 
*raboral)T<bmr  opctea  MiP  method  Vy  eoamMai  nna  of*!  'eoutniotf* 
(4)  obnmod  tint  faad  cxpericm  «  m|  Am  el|oritKiM  k 
Emil  itMe  mlrM  ud  m  rnfal  i  modem  oom^Mr 'tided  wnasnJ  defigD 

ovNhod 


VI  WSTRUCTOt: 


L  CATALOG  DESOUPTION: 

V 

49S4  Cbcnpotex-lmd  Dcsip  of  ‘ntia-Wtn  Snicim 

Metlbod  far  ae«dD|  oomputer'Used  *n»ctwil  aodeh  far  combined  Aaite  tkam 
anelysj,  jtue  antly^i*  mS  optimiiedoQ  (far  bk  ia  the  entlyiisAfas|a  projo^V 
Buckliaf  of  pbie*,  ttifTened  ptneb  tod  cylbdert.  E3|CBviloe  melhodi  fa  ^ Mini 
tadvibmtioo.  bcrtmenol  pb«k  coiUpae;  cd«f  propwi^  Utewie 

jtr»nh  of  targe  rtructuril  tnodulet.  Approxinwfeiy  m  coaipU«-bt»d  lindl 
tXiMfysis/dcsifii  projects,  of  incrcesing  Kope  md  retiism,  ut  assigned  thrwgboitf  the 
course. 

Pte:  3124  or  3224.  (3H,  30.  It 
n.  COURSE  STATUS; 

New  com;  10  commence  Spring  1994;  I  raester.  (>adume  credit  ta  fctpiested. 


Profassa  Data  Hoghet,  5747 

TEXTS  AND  SPECIAL  TEACHING  AIDS: 

Tot 

Hughes,  Oirea.  SHIP  STRUCTURAL  DESIGN:  A  RATTONALLY  BASEO. 
COMPUTER'AI)€0  OPTMZATION  APPROACR  SNAME,  fcmy  C3ly.  New 
kntj,  im  '  564  pagm. 

Manui]  far  fat  ooaputef'eided  deep  projectr 

USER'S  MANUAL  FOR  MAESTRO.  Ptoteus  Engineering,  Stevensvilk.  MD.  19S$ 
220  pagm. 

Speciai  Teaehiag  Aide 

Norm 


DL  PREREQUISITES:  VnL  SYLLABUS 

Some  oftU  inmerial  m  the  AOE  3124  and  AOE  3224  ta  eewfaal  for  this  com: 
basic  iCnictuiil  inalyiu,  the  ftmiinvntata  of  the  finite  ckmem  method,  tad  fat 
ampler  typea  of  anictuml  fiiihra. 


Percem 

of 

Cesox 


TV.  iUSTTFTCATlON 

TT*  tacveasbig  power  am!  amtabiUty  of  deehicp  coopacri,  cal  adveaeet  ia  the  haa 
fute  aadyas  (buckling,  ficctae.  pl^  cofiepee,  me.)  of  targe  t^wtl!  aractm  ae 
tnrksfooBUBg  the  aroctwcl  <ViPfn  process  fa  struJartc.  bcrecsingly  thevaiooi  thut 
autes  «r«  aaiyzed  explidriy  (fither  than  implicitly,  by  codes)  and  are  med  m 
fannulate  the  eonstrciaij  fa  a  oatheaabcal  optimi radon  proeem  which  pratoces  ai 
opdiDiBB  amcofft,  accordiAg  to  the  deagacr'i  specified  metwre  of  mciiL 

This  iaroduom  the  to  this  new  method  of  aructml  design,  giving 

him/her! 

0)  M  mderstariding  of  the  various  types  of  aiuctunJ  Whet  and  other  Siiiit«Mei 

faflt  ctt  occur  ia  targe  complex  thin-vall  semetarea 
(2)  t  taaowtadge  of  the  eompQter'bascdalforidaai  fax  am  aeededm  perform  Emit 

itaie  analyst 

0)  hnada<B  experience,  through  a  aeries  (tpproaimuly  fat)  of  akorokfaiily 

eomprehen&vc  and  teafistic  ooraputer 'baaed  Emit  $tm  anaiyaia  ad  opthmra 
structural  d«ip  pnyecia 


!.  ModeGng  Methods  fa  Cerapiaer' Aided  Stmctunl  Desiga  15 

1  Buettag  (etaflbe  indaaie)  of  Ptaaes  15 

3.  Buckfing  (etasbe  ad  adtasbc)  of  StifTened  Panels  20 

4.  DuckSag  (etafac  ad  metastic)  of  Stiffened  Cytindffs  15 

5.  DuckEng  and  Vfancioa  by  Eigenvahie  Methodb  15 

6.  Piilurt  of  Large  Stiuctaral  Modules  tfac  10  Bendizig  and  Shear  5 

7.  Methodology  of  Cocapaer-Based  Strucnnl  Design  15  ^ 


This  eoune  builds  on  (he  junior  level  eouracs  AOE  3124  Aoocpaoc  Skrudxres  ad 
AOE  3224  Ocean  Slrucnirei,  which  give  Amply  a  overview  ad  xnc  of  fat 
fundameraals  (e.g.  the  basks  of  finite  element  analysis,  md  (he  Ampler  types  of  limil 
states).  This  course  coven  the  more  complei  types  of  limil  Aaies  ad  ninchaiusms  of 
failure  fa  structures  of  diffennf  geoocoy  and  loading:  mraft,  faipa.  and  «her  thia- 
wall  structures.  die  (heory.  a  abo  presenu  (he  ooopuntioDai  aigcriihms  that 

arc  required  fa  these  Uma  state  anajysea. 


The  oocnpuicr-based  projects  give  (he  nudeni  a  fi/sthsad  tawwtadge  d  bow  the  theory 
end  the  algorithms  arc  actually  is  inodera  osmputer -aided  Aructoral 

design  amVor  Umii  flaie  analysis.  This  ptacocal  experience  greatly  assats  the 
undersanding  and  ippctcistioo  of  (be  subject  material,  the  same  m  do  tabenfory 
experxzrautts  in  the  aanxraJ  scicnccA  It  also  gives  the  studeac  some  experience  in  the 
design  of  Aructwei,  which  «  present  a  act  mchjded  in  the  cwiiculaa. 


Graduate  credit  is  requested  because  this  is  a  retativtly  new  devekapcsear  ia  xrucniriJ 
desga  h  is  more  thorough  and  it  involves  more  theory  (or  *eagif>eenag  mience*  or 
'first  principles  approach*)  than  the  traditiooa]  senior  aructuril  desigi  osiarse.  Many 
aerospace  anVor  ocean  engineering  departments  do  net  ytl  teach  tha  orw,  mote 
comprehensive  approach,  and  therefore  many  incoming  gradiau  Andenrs  wiD  act  be 
familiax  with  iL 


FIGURE  47.  COURSE  DESCRIPTION  OF  VIRGINIA  TECH  AOE  **9^ 

COMPUTER-BASED  DESIGN  OF  THIN-WALL  STRUCTURES 
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Iiarck  If#  lf«i 


ACtOSPACt  AMO  OCiAN  tMCINfCtlNC  StlA 
VCHfClC  STtucrvtcf 
(  AOP  TtriCi  VfNlCtC  fTAUCTUtCS  I 
I.  CATAtOC  OCSCAtPriONi 
5124 

VtHICU  STtUCTUAtS 

exact  aM  aaaroxlaxtt  aathotfs  far  analysis  and  tfasSan  af 
aaraaaaea  ana  aarlna  ftrgcturas.  Stressas#  ftrains* 
Canalitutlva  Cavations#  toundary  Value  Probltas*  and  Twa 
Diaansianal  elasticity.  Tarsion.  Variational  Kathads# 
Virtual  Work  and  Cnaray  frinclplas*  Structural  Kachanics 
Tkaaraaa#  Traditional  Aaaraxlaata  Hathods  and  Laainatad 
Flatas.  <SH,SC1 

II.  COUtSC  STATUSi 

«•  Radifiad  Caursa 

tavisian  af  AOC  S22t»  2#S  saauanca  inta  sinfla  course 
c.  effective  Pall  ItlS 

III.  ekCftC4UlSlTCS  A  COkCQUlSXTfSt 


IV.  JVSTlPICATIONi 

Aa  accurate  stress  analysis  af  various  aarosaaca  and 
•cean  atructuras  is  a  araraaulsita  ta  thair  aatlaua  da- 
sifA.  In  aractica#  various  exact  and  aaaraxiaata  analy- 
ait  tecAniauas  are  used  ta  aarfara  suck  an  analysis. 
Tliare  is  a  need  ta  taack  aur  graduate  students  a  caursa 
tkat  erovldas  an  indaatk  fcnauladga  af  cancaats  la  ad- 
vaAcod  Structural  Analysis  tachniguas  and  also  balas 
tkae  lA  the  understanding  af  various  concepts  af  Struc¬ 
tural  Reckanlca. 


V.  eOMCATtONAI.  OlJCCTZVeSi 

Tke  educational  ebiactlvas  af  tkis  caursa  will  ka  ta  le- 
part  a  coaprehansive  knawladga  af  various  concepts  af 
Structural  Rackanics  as  aaployad  In  tka  analysis  and  da- 
aign  ef  aaraspaca  and  aarlna  structures.  Tkls  knawladga 
«lll  also  prepare  tka  students  ta  taka  atkar#  aara  spa- 
claliaad#  caurtat  1a  Structures. 

VI.  INSTAVCrOti 

t.  e.  Kapanla  -  4«Sl#  t.  T.  Kaftka  -  4tit 

VII.  Texts  AMO  SPeCIAL  TCACMIMC  AlOSt 

•eddy#  J.  N.«  UMCfST  AMO  VAAIATlONAt  HCTHOOS  IN  APPLICO 
MECHANICS#*  JakA  Wllty#  MY  IfSA.  Also  class  netas. 

VXlt.  SVtLAgUSt 

Parcant  af 
Count 

PART  A  CTHEOer  OP  ELASTICITY) 

1.  Xntroduc tlon r  Stross  and 

Strain  15% 

Stress  and  Strain  at  a 
point#  StraiJ  Tensors 
and  ducky**  Poraula# 

Lagrangian  and  Eularlan 
Variablas*  Aatatian 
Tensor#  Tramf oraatlan 
af  Stress  and  Strain 
Tensers#  Principal 
Stresses#  Principal 
Planes.  Principal  Axes 
af  Strain#  CoapatlkiUty 
eauations . 


2.  Canstittftiva  Cauattans  and 
Othar  Cansidaratians 
Oanaraliiad  kaaka*s  Law# 
Anlstatrapic  Hatarials# 
Tamar  af  llastic  Con¬ 
stants#  Strain  Energy 
Oamlty  functian 
Clastic  Syaaatry# 

Trimfarsat ian  #f 

Clastic  ffodulii# 
kalatlan  aaong  Clastic 
Constants*  loundary 
Yalua  Prokloe*  far 
Linaar  Claitleity# 

Saint  Vanant's 
Principle#  Uniauanass 
af  SalutiOA 

S.  Tertian 

Tarsion  af  Circular 

and  Noncircular 
Sactians#  Thin  tfallad 
Sactians#  Single  and 
Nulticall  Tubas# 

Varplng  Punctlan# 
Oivsrgsncs  af  aircraft 
wings#  Axial  canstraiAt 
far  thin  walled  sactlang 
under  torsion 

PACT  I  (APPtOXlNATC  NCTNOOf) 

I.  Virtual  Nark  and  Energy 
Principles 

Vsrk  and  Cnargy#  Strain 
and  Caaplaaantary  Cnargy# 
Principles  af  Virtual 
Olsplacaeonts#  Unit 
Oueay  OiSPlacaeant 
Nathad#  Principles  af 
Total  Potential 
Energy#  Virtual 
Pereas  and  Coapltaantary 
Patantial  Cnargy#  Unit 
Oueay  Lead  Natked. 
Castlgliano's  first  and 
Second  Thaeraus#  Naxwall- 
tatti  Caciprocal  Tkaarae. 
Traditional  Appraxleate 
fa.g.  Cltx#  OalasklA# 
laast  sauara  and  callacat- 
ian)  eathods.  Appraxleate 
Methods  ts  Analyt#  Aircraft 
Wings  under  Asradynaeic 
loads 

2'.  Analysis  af  Thin  Laainatad 
Plates 

Cauatians  af  Notion  far 
laotraplc  and  Tkin 
Laainatad  Plates# 

Clrchoff'S  Theory# 

Exact  and  Approxlaata 
Solutions  Of  landing 
af  Plates*  Thareal 
Stressas.  Analysis 
of  Oalta  Wings  and 
Control  Surfacos 

S.  Analysis  af  Thin  Lauinatod 
Shalls 

Eauations  of  aotlon  for 
cylindrical  and 
spherical  shells# 
AxisyaaatriC.  Asyawatric 
and  Edge  leads#  Shallow 
Shall  Theory*  tnaxtens ional 
Shall  Theory*  and  Neabrana 
Shall  Theory.  Analysis  of 
kings  (lulkhaadt). 

Analysis  of  Aarospaco 
Vehicles 


FIGURE  48.  COURSE  DESCRIPTION  OF  VIRGINIA  TECH  AOE  5074,  VEHICLE 
STRUCTURES 
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FIGURE  49.  SYLLABUS  FOR  MIT  COURSE  13.04,  MARINE  STRUCTURES  AND 
MATERIALS 
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undergraduate  students  enrolled.  At  the  master's  degree  level,  and  specifically  in  the 
Naval  Construction  and  Engineering  program  for  naval  officers  well  known  as  Course 
XIII-A,  Professor  Alan  Brown  has  provided  the  two  course  flow  charts  reproduced  in 
Figure  50.  Figure  51  gives  a  description  of  13.410,  for  some  reason  entitled  there  and 
on  the  flow  chart  Introduction  to  Naval  Architecture  even  though  it  is  obviously  a 
basic  solid  mechanics  course.  The  13.111,  Structural  Mechanics,  course  taught  by 
Professor  Wierzbicki  is  described  in  Figure  52  and  examination  of  the  topics  listed 
establish  it  is  largely  concerned  with  plates  and  shells  and  would  seemingly  be  very 
challenging  if  preceded  only  by  13.410.  The  insertion  of  13.10J,  Introduction  to 
Structural  Mechanics,  should  help  and  so  it  is  described  in  Figure  53.  The  brief  but 
current  catalog  descriptions  of  these  and  several  other  structures  courses  are 
reproduced  in  Figure  54,  but  that  and  other  publications  do  not  provide  a  coherent  or 
representative  listing  the  individual  courses  that  must  be  completed  satisfactorily  to 
earn  any  of  the  various  graduate  degrees  awarded.  With  the  availability  at  MIT  of 
very  many  other  structural  analysis  and  design  courses  offered  by  departments  other 
than  Ocean  Engineering,  however,  graduates  should  be  able  to  complete  programs  in 
this  field  fully  consistent  with  the  image  this  institution  enjoys. 

Texas  A&M  University 

The  first  undergraduate  structures  course  in  the  ocean  engineering  ciuriculum 
at  Texas  A&M  is  OCEN  345,  Theory  of  Structures,  and  the  syllabus  for  it  is  as  given 
in  Figure  55.  The  topics  included  in  OCEN  301,  D3mamics  of  Offshore  Structures,  are 
given  in  Figiu-e  56,  and  those  in  OCEN  686,  Offshore  and  Coastal  Structure,  are  listed 
in  Figure  57.  These  make  clear  that  the  undergraduate  and  graduate  programs  at 
Texas  A&M  are  wholly  devoted  to  offshore  and  coastal  structures  and  not  at  all 
concerned  explicitly  with  ships. 

Florida  Atlantic  University 

While  the  two  undergraduate  courses  of  interest  at  Florida  Atlantic  are  in  fact 
technical  electives,  they  are  included  among  four  in  the  structures  option  that 
requires  three  of  the  four  courses  listed  be  completed.  One  of  the  others  is  entitled 
Design  of  Marine  Concrete  Structures,  but  EOC  4414,  Design  of  marine  Steel 
Structures,  and  EOC  4410C,  named  Ocean  Structures  in  the  curriculum  list  but 
evidently  Structural  Analysis  I  at  present,  do  include  ocean  engineering  applications. 
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CURRENT  AREA  CONCENTRATION  IN  SHIP  STRUCTURES  AND  STRUCTURAL  FABRICATION 

Flourti 


PROPOSED  AREA  CONCENTRATION  IN  SHIP  STRUCTURES  AND  STRUCTURAL  FABRICATION 

Figure  2 


FIGURE  50. 


ARRANGEMENT  OF  STRUCTURAL  COURSES  FOR  MIT  III-A,  NAVAL 
;;:ONSTRUCTION  and  engineering  program  (COURTESY  OF  ALAN 


BROWN) 
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13.410  lotroductioD  to  Naval  Architecture 
(Mechanics  of  Solids) 


Text:  .\a  Introduction  to  the  Medunie*  of  Solkb.  S.  H.  Crandall.  X.  C. 
Dahl  k  T.  J.  Lardner.  .McGraw-HilL  1978. 

Course  Schedule 

1.  Introduction  k  Fundamentals  of  .Medunks  (Chapter  11 

2.  Equilibrium  of  Rigid  Bodies  and  Free-Body  Diaarams  (Chapter  1) 

3.  Deformable  Bodies  (Chapter  2) 

4.  Statically  Determinate  it  Indeterminate  Structures  (Chapter  2) 

5.  Stress  k  Strain  (Chapters  4  A  S) 

6.  Mohr's  Circle  (Chapter  4) 

7.  Equations  of  Elasticity  (Chapter  51 

8.  Initial  Yield  (Chapter  5) 

9.  Fracture  k  Fatigue  (Chapter  5) 

10.  Pressure  Vessds  (Chapter  5  It  Class  Notes) 

•  Hiln-walled  cylindrical  k  spherical  «h>lls 

•  Thick-vailed  cy'linders  k  spheres 

11.  Elementary  Beam  Theory 

•  Bending  moment  and  shear  diagrams  (Chapter  3) 

•  Bending  stresses  and  shear  flow  (Chapter  7) 

•  Compoeite  beams  (Chapter  7) 

•  Deflection  (Chapter  8) 

•  Torsion  (Chapter  6) 

•  Beam  budding  (Chapter  91 

•  \'ielding  and  plastic  beam  analysis  (Class  Notes  i 

-  Inelastic  bending  and  ultimate  strenr.h  'Class  Notesi 

-  Plastic  buckling  (Class  .Votesi 


FIGURE  51.  SCHEDULE  FOR  MIT  COURSE  13.410,  INTRODUCTION  TO  NAVAL 
ARCHITECTURE 
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13.111  STRUCTURAL  .MECHANICS 
Fall  1995 

in  Room  1-242 


7o<tu«  WTtrzbicici 
?roi<euor  ot  Applied  Meehanics 
i04 

•tTice  Hours:  Monoav  a;  W’eanesoav  .0  •  Z.OO 
Fridav  j;  00  -  ::.C0 


•  V’anationai 

•  Ev^uilibouit) 

•  BourvJjirv  CwooiuooH 

•  E-iampte^ 


.Diamii  Bouiahbai 
Room  i -01 4A.  Ext  j -1966 
Office  Houn:  Monday.  Vvjdncsday  i  90  •  1.20 
ini  by  amngetneni 

}  Quizzes  1 25V*  eacoi  *5S 

0  Problem  Sets  25S 

Xssifned  eacii  Wtdnesoay. 

*0  be  rcrurned  the  rbllovvinf  vVednesoav 

?Vrc  *Aiil  be  a  cenaiiy  ror  unexC'>:seo  ia:e  .':omevvt>nL 

^.xcuses  sftouid  be  oireaeo  lo  tne  T  A.  or  tne  I'xuitx’ 


\.  C.  L’gurai.  St/essa  tn  PlAta  tMiSheUs,  .McGraw  HUl 


ri  Shames  ano  C'.ive  L.  Dym.  Ener^'  and  Ftniu  Eltmrnt  .\frthods 
tn  Siruaurat  ,\ftchantcs.  .McOriw  Hill 

"  mosnerj:©  ano  ’.*  '  '!.'\ovvso  Thton-  ot  Plaits  and  Shells. 

McOra-A  H;*I 


•  CeoeraJ  Coocepc 

•  .Adjacent  Equilibrium  Versus  Energy  .Method 

•  Linear  Stability  Equations  o(  PUles 

•  Bucklifli  Solutions  for  Rectanjular  Plates 

•  Buckiiaf  of  Stiffened  Plates 

•  UKimate  Sircn|ih  0!  Plates 

•  Elastic  PlasiK  BucUing 

S  BtfcOins  of  Cyiindncal  Slxib 

•  CcoenJ  Equations 

•  Applicatioos.  Uniform  ExtenuJ  Pressure 

•  Axial  Loading 

•  Combined  Loading 

•  Toaxmal  Buckling 

•  Imperfections  and  Compamoo  with  Experiments 

•  Tbin  Shell  Approximation 

•  Shallow  Shell  Approximation 

•  Membrane  Shelb 

•  Applkatiom.  C>  tinders.  Cooes  and  Spheres 


•  Ooe-Oimensionai  Case 

•  Initial  and  Cunvnt  Coordinaies 

•  CkmcsiU  of  Tensor  Afijdysif  * 

•  Oenvation  ot  Strain  Tensors 

•  Slrata'DispIxcmeni  Relations  for  Moderately  Large  Dcfiections  of  Plates 

--  QaossssJoLSis^ 

•  One-Oimen$  local  Cx< 

«  Work  Equn  aknee 

•  Three -DimenMonaJ  Caae 


•  SuTSi-Sirain  RcijiiteiN 

•  ElastK  Strain  1.  •:t:)  *nd  Complementary  Energy 

•  I'OCjm;  ar;J  IX'jm: 

Vanjtior\ai  •  »i  flaMiCKX- 

•  Pnncipai  »*i  Muinioarii\  oi  ToraJ  Potenual  Energy 

•  Principal  m  Minimum  Pmenual  Energy 

•  Castigltano  ^  TKofcmN 

•  Approximation  Mcihod» 

•  Ritz  MethrxJ  rukrkin  Method  and  their  Equivalence 

Application  vu  \  iruiionjl  Methods  for  Dcnvation  oi  Equi 

•  Three -OimcnMnnoj  Bodv 
t  Equilibnum  >«i  PUies 

•  Equilibrium  of  Shells.  General  Case 

•  Rotationaih  Symmetric  Shells 


FIGURE  52.  COURSE  INFORMATION  AND  OUTLINE  FOR  MIT  COURSE  13.111, 
STRUCTURAL  MECHANICS 
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ro  strucivpal  -TcuxxTr^ 
fill  nil 
csmst  carttm 

1.  Th«  concept  of  strots 

—  Strosf  tonsor 

-•  Coucr.v  foroula 

—  Prlr.c:pil  scrtttos 
--  Stross  ^oviAtc? 

••  Plono  stress 

--  Mohr  circle 

••  Potttion  of  ccordintte  syetea 

--  Poler  and  cylindrical  coordinates 

2.  The  concept  of  strain 

--  Strain  reasurea 

Strain  and  spin  tensors 
Physical  interpretation 
--  Plain  strain 

Cniaxial  strain 

3.  Clastic  constitutive  e<|uatlona 

--  Lace  constants 

--  Young's  oodulus  and  Poisson's  ratio 

-•  Isotropy  and  hcaogenelty 

Siepie  states:  hydrostatic  loading 
Uniaxial  stress  end  pure  sheer 
—  Kook's  lav  for  plain  stress 


4.  The  concept  of  eguilibrlun 


Equiiibriua  cf  e  3*diaensior.ai 
General  iced  stresses 
toviiibriun  ci  a  ceao 
Cfftwts  of  large  rccatlcns 
rgMilibriun  cf  a  cccring  line 


:cdy 


ratle) 


Er--— -riua  VIS  the  crincipies  :f  virtual  vorJc 
Elenentary  theory  of 

Love  -  IClrchhoff  hypothesis 
Integrated  constitutive  eguation 
Cleseical  bending  eguetions 
Soundery  conditions 
Exajsple  solutions 
Effects  of  lergs  displacesents 

«•  Energy  sethods  in  slasticity 

Bending  and  sesbrane  anergies 
--  Total  potential  energy 

Equilibriua  via  variational  forsulations 
••  Boundary  conditions 

—  Rlti  and  other  approxiaate  aethods 

Examples 

!•  Stability  of  eguillbriua  ••  buckling 

Discrete  coluan  -  llluetratlon  of  basic  concepts 
--  Tret  Its  condition  for  stability 

Colunn  buckling  as  an  eigenvalue  probles 
Euler  fornula 
Plastic  buckling 

--  Design  of  columns  -  buckling  curve 
e.  Eleaentary  plasticity 


Yield  condition  as  a  failure  criterion 
Behavior  beyond  Initial  yielding 
Plestic  flow  and  strain  -  hardening 
Kecking  end  fracture 

Plastic  bending  -  the  concept  of  e  plastic  hinge 
Llait  analysis 

Crushing  of  circular  and  prismatic  tubes 


FIGURE  53.  OUTLINE  FOR  MIT  COURSE  13J0J,  INTRODUCTION  TO  STRUCTURAL 
MECHANICS 
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0(S) 

3^0 


learoducSon  to  prinoplas  of  naval  archl^^ 

ship  gaomtory.  hydrosUlcs.  catoUation  and 
drawing  of  dtopiacamant  and  otoar  cxrvas.  in¬ 
tact  vto  dama^  stabdty.  hul  stnxtura 
strangto  cateutottons,  arid  ship  raaistanca. 
Profacts  irctuds  oompotor -aided  ship  daaign 
artd  analysis  tools. 

A  Brown 


FIGURE  54.  CATALOG  DESCRIPTIONS  OF  SELECTED  MIT  STRUCTURES  COURSES 
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OaiS 

Date 

Topic 

Real 

1 

1/11 

lAtroductioi 

Chip  1 

7 

1/20 

Basic 

2.1-2.9 

3 

1/23 

Woct  aftdEwJiy 

2.l^2.l4 

4 

1/25 

Vlrtail  Mdbodi 

2,15-2.17 

5 

1/27 

Eaan^ 

6 

1/30 

SdffnctJ  and  Fkaibility 

2. 11-2. 19 

7 

2/1 

BeactiottS 

Chap  .  3 

1 

2/3 

Eaamptel 

9 

2/6 

Visual  Asalyiis 

Nota  by  Prof.  Roschke 

10 

2/8 

Beams  and  Fiimes 

5. 1-5.5 

11 

2/iO 

Shear  and  Moment  Diagrams 

56-5.9 

12 

2/13 

Eaan^>l«* 

5.10-5.11 

13 

2/15 

innuenoe  Una  (IL) 

6.1^3 

U 

2/17 

Mueller- Brc^u'i  Principle 

6.4 

15 

2/20 

Useof  IL 

6.^66 

(Evtning  Eximinatioo  2/21;  7:00-S:30  p.m.) 

16 

2/22 

Exampla 

17 

2/24 

Dcflcciiow  o/  StA)c(ura 

7. 1-7.3 

18 

2/27 

Virtxial  Wort  Method 

7,4-7.6 

19 

3/1 

Dc/lectico  of  Beams 

8.14.3 

20 

3n 

Exampta 

21 

3/6 

Encfjy  Methods 

8.10 

22 

3/8 

Exampla 

23 

VIO 

Static  Indctemunacy 

9.I-9.4 

(Sprm^  Bmk) 

24 

3/20 

Altcmab’vc  Analysis 

95-9.7 

25 

3/22 

StatJcally  Indctcrminale  Structufci 

9.^9.9 

26 

3/24 

Compabhility  Methods 

I0.M0.4 

27 

3/27 

Support  ScftJemcnls  and  Sasde  Supports 

10.5-10.6 

21 

3/29 

Examples 

29 

3/31 

SudcaJJy  Indeterminate  Trusses 

10.10-10.11 

30 

4/3 

Exampks 

31 

4/5 

Slopc-dcikctioft  Equations 

)].MI.4 

32 

4/7 

Frame  Problems 

liJ 

33 

4/10 

Exampla 

11.6 

(EvcAinj  Examination  4/11/95:  7:00-8:30  p.m.) 

34 

4/12 

Equilibrium  Method  for  Truss  Analysis 

11.9 

(Hobday  on  4/14) 

35 

4/17 

EquiHbrium  Equations  by  Energy  Methods 

11.10 

36 

4/19 

Examples 

37 

4/21 

Moment  Distribution  Method 

I2.M2.4 

31 

4/24 

Exampla 

12.5 

39 

4/26 

Matrix  Methods  of  Analysis 

13.1-13.3 

40 

4/28 

Member  SlilTness  and  Flexibility  Matrica 

13.4-13.7 

41 

5/1 

Transformations  and  Exampla 

13.8-13,9 

42 

5/3 

Review 

Final  FiAmi^Kon:  Friday,  5  May  1995:  10:00  a.m.-Nooft 


FIGURE  55.  SYLLABUS  FOR  TEXAS  A&M  COURSE  CVEN  345,  THEORY  OF 
STRUCTURES 
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OCEN  801.  DYNAMICS  OF  OFFSHORE  STRUCTURES 
FALL  l»4.  MWF  8«)  -  8:80 

Imlnicton  Dr.  M.  H.  Kun  (Rm.  WERC  23«B.  Td.  847-8710) 
PrerequitiU:  OCEN  300,  CVEN  345,  »n<l  CompuUt  Ptojrammini  Skill 


TOPICS 

PART  I.  Review  of  Vibration  Analysis 

1.  Introduction 

2.  FVee  vibration  of  sin^e-d^ree-of  freedom  linear  systems 
8.  Forced  vibration  of  angle-degree-t^-freedom  linear  systems 

4.  Two-defroe-of-fireedom  systems 
a  Examination  I 

5.  Multi-de{ree-of-freedom  systems  (introduction) 

8.  Continuous  systems  (introduciioo) 

PART  n.  Application  to  Offshore  Structures 

7.  Various  offshore  structures 

8.  Desi^  consideration 
0.  Dimeosiooal  analysis 

10.  Environmental  loads  (wind,  wave,  and  current  loads) 

11.  Review  of  regular  and  irregular  wave  theory 

•  Ebcamination  11 

12.  Wave  loads  on  offshore  structures  (Morison  equation) 

13.  Dynamic  system  modeling 

14.  Responses  of  offshore  structures 

15.  Design  wave  loads  and  statistical  design  method 

16.  Elementary  mooring  analyses 

•  Final  Examination 


FIGURE  56.  TOPICS  LIST  FOR  TEXAS  A&M  COURSE  OCEN  301,  DYNAMICS  OF 
OFFSHORE  STRUCTURES 
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CVENM6  Offthort  and  Coastal  Stnictur* 

CoursaOutfnt-Spri^  1991 


Instructor  Dr.  J.M.  NIedzwecki 

Department  of  Ovil  Engineering 
Office:  C^TTITOSC 

Telephone:  845-1993 

Office  hours:  As  posted  or  call  for  an  appointment 
Lecture:  MWF  9-9:50  CVLB114 

iQPla 

1.  Offshore  and  Coastal  Structures 
Design  Consideratiorts  and  Procedures 

2.  Waves  and  Structures 
Environmental  Forces 
Wave  Force  Equations 

3.  Physical  Model  Testing 

4.  Design  Wave  Approach 

5.  Dynantic  Analysis  and  Simulation  Methods 

6.  Estimates  of  Wave  Characteristics  a  Structural  Resportse 

7.  Diffiection  Analysis-- (Dr.  J.Roesset  time  TBA) 

Mid-semester  Examination  (Wednesday  Mvch  6. 1991) 

8.  Offehore  Structures 
Jack-up  Rigs 

Fixed  Jacket  Structures 

9.  PieDrivingAnalysIs  — (Dr.  L  Lowery,  week  of  March  18, 1991) 

10.  Gravity  Platibrms 

11.  Wave  InipactLoadIno  on  Platform  Decks- (Dr.  R.Merder.  April  3, 1991) 

12.  MooringAnalysIs  — (Dr.  H.  Jones,weekofApri7,1991) 

13.  CompSant  Platforms 

14.  Coastal  Stnjctures 

Seawalls.  BuRrheads.  Revetments,  Piers  and  Wharfs 
Groins.  Breakwaters  and  Jetties 

15.  F^nnes  &  Outfalls 

Fmal  Examination  (Monday  May  6, 1991, 8-10am) 


FIGURE  57.  TOPICS  LIST  FOR  TEXAS  A&M  COURSE  CVEN  686,  OFFSHORE  AND 
COASTAL  STRUCTURE 
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They  are  described,  in  the  ABET  format,  in  Figures  58  and  59.  Brief  catalog 
descriptions  of  a  number  of  pertinent  available  graduate  courses  are  reproduced  in 
Figure  60. 

Florida  Institute  of  Technology 

At  Florida  Tech  undergraduate  students  in  the  ocean  engineering  program 
complete  a  basic  deformable  solids  course,  MAE  3082,  and  the  first  structures  course 
is  CVE  3015,  Structural  Analysis  and  Design.  This  course  is  described  in  the  ABET 
format  in  Figure  61,  and  can  be  seen  to  be  typical  of  most  first  civil  engineering 
structures  courses.  The  single  ocean  engineering  structures  course  offered  is 
OCE  4574,  Structural  Mechanics  of  Marine  Vehicles,  and  this  is  described  also  in  the 
ABET  format  in  Figure  59.  This  is  a  required  course  in  both  the  Marine  Vehicles  and 
Ocean  Systems  and  the  Materials  and  Structures  options  in  the  graduate  program. 

Technical  University  of  Nova  Scotia 

As  indicated  in  the  previous  section,  the  program  at  Nova  Scotia  is  only  at  the 
graduate  level  and  of  some  16  individual  courses  available  for  naval  architecture  and 
marine  engineering  students  five  deal  with  ship  and  platform  structural  analysis 
and/or  design.  ME  6700,  and  ME  6705,  Dynamics  of  Offshore  Structures  I  and  II, 
focus  more  on  jacket-type  and  even  gravity-based  structures;  but  ME  6820,  Ship 
Structure  Analysis  and  Design,  is  ship  oriented.  ME  6870  and  ME  6875,  Theory  of 
Ship  Structure  Analysis  I,  and  II,  together  include  a  more  rational  approach  using  a 
probabilistic  approach  to  loading,  some  treatments  of  reliability  concepts  and  plastic 
analysis,  and,  interestingly,  consider  springing  along  with  slamming  in  dealing  with 
hydroelasticity.  The  catalog  (calendar)  descriptions  of  these  five  courses  are 
reproduced  in  Figure  63.  With  a  wide  range  of  graduate-level  structures  courses  also 
available  in  civil  engineering,  in  applied  mathematics,  and  among  the  other  courses 
offered  in  mechanical  engineering  the  situation  at  Nova  Scotia  demonstrates  that  the 
absence  of  an  undergraduate  program  in  naval  architecture  or  ocean  engineering  at 
an  institution  with  strong  programs  in  other  engineering  disciplines  -  but  in  civil  and 
mechanical  engineering  particularly  -  can  offer  a  viable  and  worthy  program  at  the 
graduate  level. 
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BOC  4414  •  DESIGN  OF  MAllNB  STEEL  STRUCTURES 
Spring  Scaacrter  1995 


1994^  CmJog  DatK  BOC  4414:  Dedta  oTMwiM  Steel  Stmctum,  3  craditt. 

PraequUiiee:  BOC  3150  (Sna|tk  oT  Miierialt)  md  BOC  4410C  • 
Stradwil  Aaalytii  I 

Uaderiyiflf  Ihe^  and  dteiiB  of  Knictural  tfed  aeaibcn  end  dtcir 
laocvpontkM  iaio  bceuB,  bvsi  end  fnm  Qie«udyofM 

Ooeei  Eagineeriflg  appUcatioa  beied  upoe  cwreat  Aaetkaa  Injtiiuie 
of  Saed  Constnictioo  yed/lcafion  aod  design  mamal. 

Textbook:  UcCormne,  Jack  C.,  *Stnictural  Steel  Desi|a:  LRFD  Method*, 

Harper  and  Row,  1989. 

Instmctoc:  Hector  Vergara,  Viiitiflg  Froftaaor  of  Oceaa  Eogineerii^. 

Goals:  This  course  b  intended  to:  (1)  introduce  Knion  to  die  detige  of 

a'nyle  structunl  steel  eieinbers  and  their  incorporation  into  !«**■», 
truss  and  frame  structures;  (2)  emphasize  an  — <*»***««w«i  gg  llig 
theory  underlying  the  desip  code  iwpiircaents;  (3)  datify  lessons 
kamed  by  recourse  to  a  case  study  of  a  carefriOy  selected,  small,  3D 
frame  structure  In  an  ocean  engjoeeting  appBca^ 

Prerequidtes  by  Topks:  1.  Strength  of  materials. 

2.  Stru^nal  analyds. 

Topics:  1.  Principles  of  steel  design. 

2.  Tensioo  members. 

3.  AjdaOy-knded  oohimos. 

4.  Beams. 

5. 

6.  Coonectiotts. 

7.  Cam  study  of  ocean  engineering  structure. 

Homework,  Tests  and  Projects: 

1.  Homework  problems  involving  aspects  of  design  covered  in  class  are  on  a  weddy 

basis  and  graded  (2011). 

2.  Two  one-hour  tests  are  given  during  the  term  (3011),  plus  a  two-bour  final  exam  at  the  cod 
of  the  teraa  OOB). 

3.  The  desiga  project  assigned  requires  the  student  to  synthesize  the  concepts  kamed  into  the 

design  of  a  otarine  ried  structure  (201). 


Esrimated  ABET  Category  Conlertt:  Engineering  Science:  1  1/2  creditt  or  SOB 

Engineering  Design;  1  1/2  credts  cr  SOB 


Prepared  by: _  Dale: 


FIGURE  58.  COURSE  DESCRIPTION  FOR  FLORIDA  ATLANTIC  EOC  4414,  DESIGN  OF 
MARINE  STEEL  STRUCTURES 
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BOC  4410C  •  SnUCnffAL  ANALYSIS  I 
MSoBMtorlM 


199i^  Ctfikf  Ditt:  BOC  441(C.  Sira*ni  Aailyrii  L  )  cndto. 

BOC 3350- Stray*  «rMaieriaii 
OiMiiaJ  nw*odi  of  Btlyris  of  baoA  trwKA  tenei,  abki  iDd 
to  Optra  iftddvfliiutureyipStttioBt  Approniirae  erahodi,  moiaent 
•foi,  viitual  woifc,  oPtoirant  defanabont  (ibroe  mcdiod). 

Ibabook  Hibbekr,  Russefl  C.  *Sinictunl  Ainlyu*,  M  Gd.,  PRatue-Hall 

Publijhim  Conyray,  19M. 

CoonSralor  Wvaer  Linsinf,  Vuitay  Prafeaor  of  Octra  Btyueerity. 

Ootli:  Tills  course  bdediradto^radoa  hi  opera  ondoeeriiy  *0161%  to 

pcHbrai  iotenal  to»  rad  detonaito  amJ^  of  wrai,  trua  rad  ftm 
anicturei  by  ctodcal  soediodi  Tlvoupout  fie  oourra^  charooa 
dbcutsioia,  mraMit,  Ubontoto  and  too  tO  icbiB  to  pnicderi  open 
ilnictuie  de^  foelt  as  Bucb  as  porabie. 

Praequisitobylboics:  1.  Thi^.  poaweaioQ  and  diear. 

2.  Axially  loaded  aranlm. 

3.  Tbniaa. 

4.  Shear  tooe  aed  baMfiiy  aaoaaoL 

5.  Stresses  b  beam 

6.  Aialyas  of  sbcai  aod  stiaia. 

7.  Defleodoa  of  beam 

t. 

Tbpics:  1.  B|uiUbrium,  delermiiaqr.  atafciS^  and  auperpoddoa. 

2.  ThatequOirioa. 

3.  Beam  equSMaa. 

4.  BeamBtomeaStotraiiaby  stfeipoaition. 

5.  Praine  equOMum. 

6.  Ckbk  tnd  iich  eqiidIffiuaL 

7.  /^ifsoKinaieaiB^ofiedundaaistoctuRa. 

I.  Beamdefecdonby  Bomeotam 

9.  Duplacemena  ty  virtual  Mst. 

10.  Itooe  naihod  of  redundhrt  stnicbae  analyab  •  appGcaiioet  to  tnm 

beam  and  fiam  drudum 

II.  Three  mooieei  equadra. 

Ltontoy  Prc^  (each  oondsfiiy  of  two  boin  of  hb  ««tk  ito  a  lepoi^ 

1.  Tbdiy  of  toyGlIed  Biodei  of  dock  Bd&y  faetiy  erne  and  convarisoe  wi*  pre&skns  of 
ensting  matrix  rfiqilaoenieot  melhod  94DM)  analyds. 

L  Eofineenfy  work  atadoaMDManalyto  of  PM  irm  to  atom  erode  oabandhiy  *d^ 
Study  of  analysis  Rsuto 

3.  Same  as  Lab  2  caoept  atnidure  b  multi-span  beam. 

abet  Category  Content  Eiyineeriiy  Scaenoe:  1.3  credits 
Goghttilaf  Desyn:  U  credls 


Prepared  by: _  _  _ _ Dale: 


FIGUKE  59.  COURSE  DESCRIPTION  FOR  FLORIDA  ATLANTIC  EOC  4410C, 
STRUCTURAL  ANALYSIS 
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fpc  6i93__Tn®Qry  cz  j  cr«oii:8 

fT®r«<3uislt«>  toe  31S0 

plat«  «l9a«nts  in  ocean  structures.  Analysis  and  dasi^n  of  plat® 
•tructuros.  Includes  linear  theory,  Ur^a  deflection  theosY  and  the 
effects  of  shear  defomat ion. 

EOC  61S4  Theory  of  Elasticity  J  credits 

Preremlsite:  eoc  3190 

Classical  foraulation  of  the  sathsMtical  expressions  for  stats  of 
stress  and.  strain  in  a  three  dimensional  nediua.  Constitutive 
relations  for  linearly  elastic  aaterials.  Solid  bodies  as  boundary 
value  problem.  Plane  stress  and  plana  strain.  Deep  subaer^ence 
offect  on  yield  surface. 

BOC  euwtnt  Methods  3  credits 

Prerequisitos  EOC  3150 

Finite  element  approach  to  th®  solution  of  elasticity  profeleas. 
Emphasis  on  displaceaent  sethod,  usln^  direct  stiffness  approach  for 
generation  of  overall  atiffnese  aatrix  of  a  structure.  Energy  aethod 
for  elemental  stiffness  satrices. 

EOC  <18S  Fluid  Structure  Interaction  3  credit® 

Prerequisite:  BOC  5180 

Oynamie  interaction  between  fluid  and  solid  systeas.  Hydroelastictty, 
hydrostatic  divergence,  galloping  vibration®  and  stall  flutter, 
vibrations  of  a  pipe  containing  a  fluid  flow,  and  turbulent  flo^  over 
compliant  surfaces. 

l|g<y!  <208  Coaposite  Materials  3  credits 

Prerequisite:  Permission  of  Instructor. 

This  cours®  covers  the  use  of  coaposite  aaterials  in  engineering 
applications.  The  course  covers  the  following  topics:  non- Isotropic 
mechanical  behavior;  alcroaechanical  behavior  of  lamina  and  fibers; 
bending,  buckling,  and  vibration  of  coaposite  materials;  matrix  and 
reinforcement  materials  for  composites;  manufacturing  techniques  for 
composite  material®. 

EOC  <417  Advanced  Marine  StrUctHraLJamftai£«  3  credit® 

Pr®r«qul®it«s:  EOC  €152,  EOC  1425 

Basic  faatura®  of  dynaslo  loading  and  r^spons®,  physical  propartia®  ©I 
dynamic  analy®l«,  anvironiaantal  loading,  flo^  Inducad  vibrations, 
calculation  of  tb®  dynasic  respont#  of  typical  stmeturas,  affacts  of 
structu^l  vibrations,  us@  of  to  prodict  dynaaic  loads  ar^  tb€ 

rasponso.of  structuras. 

EOC  «2S  Ocean  Structursl  i?YMli£I  3  credits 

Prerequisites;  EOC  3114 

Methods  of  analysis  for  elastic  ocean  frames  subject  to  tiae  dependent 
loading;  vibration  theory  applied  to  structural  systess;  nodes  of 
vibration,  energy  methods,  and  damping. 

EOC  <431 _ offshbre  Struciunea 

Prerequisites:  EOC  6152 

Basic  structural  systems,  environmental  loading,  fixed  and  gravity 
type  platforms,  sesi'subaersibles,  floating  and  compliant  platforms, 
external  pressure  shell  structures  including  oil  storage  tanks, 
pipelines,  wet  and  dry  subsea  completion  systems,  buoy  engineering, 
concepts  for  frontier  areas,  dynamic  response. 

FIGURE  60.  CATALOG  DESCRIPTIONS  OF  SELECTED  FLORIDA  ATLANTIC 
GRADUATE  STRUCTURES  COURSES 
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PloridA  Institute  of  Tochnology 
N«rin«  ond  Envlronaontal  Sclonco  Olvioion 
OcMA  Enqlnoorlnq  Program 
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FIGURE  62.  COURSE  DESCRIPTION  FOR  FLORIDA  TECH  OCE  4674,  STRUC 
MECHANICS  OF  MARINE  VEHICLES 


FIGURE  63. 
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MARINE  STRUCTURAL  EDUCATION  IN  RELATION  TO 
PRACTICES  AND  EXPECTATIONS  IN  INDUSTRY 


In  order  to  determine  marine  structural  analysis  and  design  practices  and 
capabilities  in  the  marine  industry  at  present,  so  as  to  be  able  then  to  consider  the 
implications  this  may  have  in  evaluating  the  level  and  type  of  educational  programs 
required,  a  questionnaire  was  composed  and  sent  to  some  fifty  organizations.  Among 
them  were  both  representative  large  and  small  design  firms,  several  large  and  small 
shipyards,  a  few  ship  operators,  and  several  regulatory  and  government  agencies 
including  the  Coast  Guard,  the  American  Bureau  of  Shipping  and  the  Naval  Sea 
Systems  Command.  The  design  firms  and  the  shipyards  were  geographically  well 
distributed  among  the  various  regions  of  the  United  States  and  Canada.  Several 
design  firms  and  builders  specializing  in  small  craft  -  including  even  ocean  racing 
sailboats,  yachts,  casino  boats,  tugs,  catamaran  ferries,  etc.  -  were  included,  as  were 
some  that  are  engaged  primarily  with  offshore  platforms  and  other  offshore  systems 
of  various  types.  Most  of  the  very  large  design  firms  and  shipyards  but  only  a  very 
few  of  the  smaller  ones  have  in  recent  years  evidently  been  concerned  with  work  for 
the  U.S.  Navy  exclusively,  and  still  seemed  to  be  when  they  were  contacted. 

To  solicit  fi-ank  answers  the  recipients  were  assured  that  their  responses  would 
not  be  published,  or  even  circulated  among  those  sponsoring  and  monitoring  this 
project  or  in  due  course  reviewing  this  report.  The  intent  was  not  to  document  in 
great  detail  the  educational  backgrounds  and  experience  of  those  currently 
responsible  for  structural  analysis  and  design  at  these  organizations,  or,  for  example, 
to  determine  and  then  state  exactly  what  computer  software  and  hardware  they 
currently  employ,  but  to  seek  adequate  information  to  reach  on  a  sound  basis  some 
general  conclusions  appropriate  to  this  study.  Not  all  organizations  contacted  replied 
and  several  did  not  give  answers  to  one  or  more  of  the  eight  questions,  but  thirty-eight 
did  and  many  of  them  wrote  lengthy  accompanying  letters  expanding  on  their 
answers  well  beyond  what  was  expected.  One  letter  from  a  major  shipyard,  however, 
stated  that  they  considered  company  confidential  most  of  the  subjects  dealt  with  in 
this  questionnaire,  and  did  not  believe  their  answers  would  be  helpful,  and  therefore 
did  not  return  it.  This  single  negative  response  could  be  construed  as  indicating  that 
they  consider  their  engineering  personnel  and  procedures  in  the  area  of  marine 
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structural  analysis  and  design  as  entirely  satisfactory  if  not  exemplary,  and  if  so  that 
too  was  helpful  information. 


The  Questionnaire 

Copies  of  the  transmittal  letter,  the  actual  questionnaire,  and  the  Ship 
Structure  Committee  project  prospective  that  were  included  in  the  mailing  are  shown 
in  Figures  64,  65,  and  66.  While  it  was  anticipated  that  all  of  the  replies  would  be 
received  in  several  weeks,  a  few  were  in  fact  not  returned  until  several  months  later. 
This  was  due  in  part  to  those  individuals  to  whom  they  were  sent  -  mostly  personal 
acquaintances  or  those  known  to  be  engaged  in  or  responsible  for  the  structures  work 
at  their  organization  -  having  left  their  organizations  for  employment  elsewhere  or 
possibly,  of  course,  their  having  recently  retired  or  been  separated  because  of 
downsizing. 


The  Responses 
Questions  1  and  2 

The  answers  to  the  first  two  questions  made  it  abundantly  clear  that,  as 
expected,  marine  structural  analysis  and  design  today  is  being  conducted  as  often  by 
civil  and  to  a  lesser  extent  mechanical  engineers  as  by  the  naval  architecture 
graduates  of  the  undergraduate  programs  described  earlier.  Several  of  the  civil 
engineers  had  earned  master's  degrees  in  naval  architecture,  but  more  in  civil 
engineering  or  applied  mechanics.  A  surprising  number  of  those  engaged  in  structural 
work,  perhaps  one-quarter,  were  educated  -  often  in  naval  architecture,  however  - 
overseas,  most  notably  in  the  United  Kingdom.  Unexpectedly,  perhaps  another 
quarter  or  more  of  all  those  so  employed  have  not  received  any  formal  higher 
education.  It  would  be  misleading  to  describe  them  all  as  just  very  experienced 
draftsmen  who  have  learned  what  they  need  to  know  on  the  job,  but  it  is  quite  normal 
for  them  to  call  themselves  -  and  often  their  employers  at  most  of  the  smaller  firms 
also  to  call  them  -  "designers."  Those  who  were  educated  in  naval  architecture  in  the 
United  States  and  Canada  were  most  often  graduates  of  Webb  or  Michigan,  certainly 
because  these  two  programs  have  enrolled  and  graduated  with  bachelor  s  degrees  the 


-98- 


RAYMOND  A.  YAGLE 
Consulting  Nava!  Architect 
Room  210,  NA  and  ME  Building 
North  Campus 

Ann  Arbor,  Michigan  48109 
Telephone:  (313)  764-9138 

May  8, 1995 


[This  "form  letter"  is  most  often  being  addressed  to  the  appropriate  individuals  for  their  response, 
but  in  some  instances  to  responsible  acquaintances  or  just  an  organization  in  anticipation  that  it  will 
be  forwarded  to  the  proper  person.! 


Dear  Sin 

I  have  for  the  last  two  months  been  engaged  in  carrying  out  many  of  the  requirements 
seeking  a  determination  of  the  current  status  of  marine  structures  location  as  listed  in  the  enclosed 
copy  of  the  prospectus  for  an  active  Ship  Structures  Committee  project,  and  am  writing  to  you  to 
request  your  assistance  now  in  addressing  the  several  tasks  that  deal  with  present  practice  and 
capability  within  the  marine  industry.  The  enclosed  questionnaire  I  have  prepared  may  not  be 
entirely  adequate  for  your  or  any  other  single  organization,  but  I  will  greatly  appreciate  your  taking 
a  few  moments  to  jot  down  --  in  pencil  if  you  wish,  since  the  returns  arc  only  intended  to  help  me 
discern  the  range  in  the  level  of  competence  being  applied  in  current  work  and  the  scope  and  nature 
of  the  problems  being  encountered  and  will  not  be  quoted  or  identified  to  anyone  else  --  whatever 
responses  you  deem  appropriate.  I  certainly  will  in  due  course  contact  by  telephone  a  number  of 
those  whose  answers  warrant  greater  attention,  and  may  even  wish  to  conduct  personal  interviews 
in  some  instances.  This  project  --  as  the  prospectus  makes  clear  --  is  aimed  at  improving 
engineering  education  in  this  specific  area  and  will  ultimately  I  believe  be  of  some  direct  benefit  to 
your  organization  and  our  entire  industry  ;  thus  frank  and  even  candid  answers,  when  justified,  are 
essenti^. 

A  stamped  and  self-addressed  envelope  is  enclosed  for  use  in  returning  the  completed 
questionnaire,  and  while  an  immediate  reply  is  not  in  any  sense  mandatory  I  have  phras^  the 
questions  so  that  answering  them  should  not  require  more  than  an  hour  or  so  to  enable  you  to  do 
so  promptly. 


Gratefully, 


Raymond  A.  Yagle 


FIGURE  64.  COPY  OF  INDUSTRY  QUESTIONNAIRE  TRANSMITTAL  LETTER 
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FIGURE  66.  COPY  OF  INDUSTRY  QUESTIONNAIRE 
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largest  number  of  students  in  recent  years.  Several  in  this  particular  group,  when 
interviewed  in  person  or  by  telephone,  were  less  than  enthusiastic  about  their  normal 
work  activities  and  said  they  were  disappointed  they  were  not  more  challenged  and 
were  not  recognized  as  more  important  to  their  organizations  than  they  seemed  to  be. 
Others  deemed  themselves  as  part  of  a  larger  "team,"  and  had  input  to  other  aspects 
beyond  those  involving  the  structural  concerns  of  the  projects  on  which  they  worked. 
All  of  these  views  had  to  be  judged  with  regard  to  the  type  and  the  size  of  the 
organization  at  which  they  were  employed. 

Questions  3  and  4 

The  next  two  questions  were  intended  to  clarify  this  somewhat  expected  previous 
response,  but  since  an  effort  was  made  initially  to  include  in  the  mailing  organizations 
of  many  types  both  large  and  small,  the  answers  were  equally  varied.  Almost  all  of 
the  design  firms  and  most  shipyards  felt  capable  of,  and  were  active  in,  completing 
new  designs  (albeit  within  the  size  range  of  vessels  with  which  they  had  experience) 
and  hence  would  be  able  to  generate  the  plans  and/or  handle  tne  construction  of 
conversions  as  well  as  new  construction.  Resolving  structural  problems  in  existing 
vessels  was  seemingly  the  one  type  of  task  that  those  from  both  the  large  and  the 
small  shipyards  and  design  offices,  and  the  regulatory  and  government  agencies  and 
operators  as  well,  all  felt  they  could  accomplish.  Some  of  those  interviewed  later 
obviously  did  not  really  understand,  or  at  least  had  no  experience  to  suggest  to  them, 
that  some  conversion  structural  problems  could  demand  greater  sophistication  and 
capabilities  than  they  anticipated  would  be  needed  and  that  perhaps  their  confidence 
was  not  wholly  justified.  This  was  not  the  case  for  those  organizations  that  are 
dedicated  to  doing  research  and  development  work  in  the  marine  structures  area,  and 
hence  are  aware  that  all  too  often  seemingly  mundane  marine  structural  problems 
can  require  the  attention  of  even  those  with  doctoral  degrees  using  procedures  and 
techniques  not  available  to  nor  in  routine  use  by  practicing  engineers. 

The  great  majority  of  answers  to  the  fourth  question,  that  used  the  two  versions 
of  the  strength  chapter  in  the  Principles  of  Naval  Architecture  editions  and  the 
textbook  Ship  Structural  Design  -  all  published  by  The  Society  of  Naval  Architects 
and  Marine  Engineers  -  as  a  rough  scale  by  which  to  characterize  the  complexity  and 
the  level  of  work  they  felt  capable  of  handling  and/or  in  which  they  were  normally 
engaged,  did  not  select  the  latter.  Some  in  fact  responded  that  they  did  not  know  of 
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the  book,  a  very  telling  reply  indeed  since  it  was  not  always  made  by  the  smaller 
organizations.  The  responses  to  the  second  part  of  that  question  generated  the  same 
discouraging  impression:  most  smaller  design  firms  and  even  larger  ones,  and  both 
large  and  small  shipyards,  do  not  concern  themselves  with  evaluating,  for  example, 
the  reliability  of  their  structural  designs  and,  even  more  significantly  since  they  may 
not  know  how  to  evaluate  reliability,  they  also  do  not  utilize  probabilistic  methods  to 
describe  design  loads.  Loading  would  seem  to  be  (if  most  of  the  responses  are  to  be 
taken  unequivocally)  a  matter  for  the  regulatory  agencies  or  most  often  just  common 
sense,  by  which  their  replies  suggest  they  mean  experience  gained  with  structures  of 
whatever  tjqje  and  "routine"  static  loads  and  no  unsatisfactory  eventual  performance 
of  which  they  are  aware.  Whatever  their  approach,  they  tend  to  believe  they  are 
being  very  conservative  and  hence  safe  to  such  a  large  degree  that  no  improvement 
in  their  methods  on  that  basis  is  routinely  required. 

Question  5 

The  first  part  of  the  fifth  question  regarding  materials  universally  elicited  the 
answers  that  might  be  expected.  Firms  dealing  with  only  fiberglass  at  present  were 
not  at  all  confident  they  could  work  with  steel  or  aluminum.  Larger  firms  normally 
engaged  in  designing  or  building  with  steel  indicated  they  could  and  quite  often  did  have 
projects  involving  high-strength  steel,  including  those  dedicated  to  offshore  platforms 
rather  than  ships.  The  design  firms  for  the  most  part  believed  they  could  handle  any 
analyses  or  designing  required  whether  it  was  aluminum  or  steel  -  or  evidently  any 
other  material  for  which  the  engineering  properties  were  known  -  and  more  than  a 
few  seemed  to  imply  that  they  wanted  it  understood  they  could  as  well,  if  called  upon, 
properly  resolve  any  normal  structural  problems  whether  the  application  was  marine 
or  otherwise.  The  answers  to  the  second  part  of  this  fifth  question  indicate  the 
smaller  design  firms  and  most  yards  do  include  consideration  of  fabrication 
procedures  in  dealing  with  whatever  structural  analysis  and/or  design  activities  in 
which  they  may  become  engaged.  This  would  appear  to  be  especially  true  in  regard  to 
structural  details.  Larger  design  firms  evidently  do  not  always  worry  about 
fabrication  considerations  in  the  conceptual  phases  of  their  design  activities,  but  are 
apt  to  be  more  familiar  with  what  might  be  termed  good  design  practices  in  regard  to 
structural  details  and  to  be  better  equipped  to  analyze  those  they  may  anticipate  will 
be  troublesome. 


-  103- 


Questions  6  and  7 


The  next  two  questions  were  perhaps  the  key  ones  included  in  the  questionnaire 
in  that  they  were  meant  to  permit  some  truly  significant  conclusions  to  be  drawn 
relevant  to  the  major  motivation  for  this  project  being  undertaken.  Almost  all  of  the 
answers  suggest  that  those  individuals  and  organizations  engaged  in  marine 
structural  analysis  and  design  seldom  question  the  need  for  and  are  comfortable 
working  with  codes  or  rules  or  perhaps  less  specific  but  still  mandatory  guidelines, 
whether  formulated  and/or  promulgated  by  classification  or  professional  engineering 
societies  or  by  the  U.S.  Navy  or  by  other  regulatory  agencies.  A  few  responses  did 
agree  that  the  existence  of  these  on  occasion  prevent  or  severely  constrain  creating 
unusual  perhaps  innovative  structural  arrangements,  as  suggested  in  the  question 
itself,  but  were  more  passive  and  unconcerned  about  this  than  had  been  expected. 
The  tone  of  the  responses  in  all  cases  to  both  questions  would  suggest  that  most 
marine  structural  analysis  and  design  has  been  and  is  now  done  in  this  manner,  and 
they  anticipate  it  probably  always  will  be.  When,  or  if,  the  individual  or  the  group 
responsible  may  sense  they  face  a  structural  problem  beyond  their  competence  to 
resolve,  they  do  indeed  or  believe  they  would  go  to  a  consultant  or  a  consulting 
engineering  firm,  or  possibly  just  find  the  time  to  delve  more  deeply  into  and  further 
study  the  appropriate  literature  so  as  to  eliminate  the  need  for  that  option.  The 
inclusion  of  examples,  such  as  determining  ultimate  strength  or  estimating  fatigue 
failure,  in  the  statement  of  the  questions  was  meant  to  suggest  that  those  responding 
should  also  acknowledge  in  estimating  their  competence  that  some  problems  or  some 
aspects  of  a  problem  that  may  be  important  may  not  on  occasion  immediately  be 
apparent  to  them  if  they  seldom  if  ever  had  needed  to  consider  them  before.  Few 
presumably  wanted,  in  writing,  to  underestimate  their  abilities,  however,  and  hence  it 
is  not  clear  just  how  honest  or  forthcoming  their  answers  were  and  how  indicative 
they  collectively  are  in  gauging  the  confidence  those  responding  have  in  their 
technical  abilities. 

The  answers  to  the  second  part  of  the  seventh  question  were  encouraging  in  that 
they  demonstrated  the  appreciation  by  those  answering  of  the  possible  value  of  the 
various  types  of  continuing  education.  Several  stated  that  their  participation  was 
much  more  prevalent  in  years  past  than  currently,  but  left  the  impression  this  was 
probably  due  more  to  economic  concerns  at  present  than  lack  of  interest  or 
recognition  of  need. 
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Question  8 


The  eighth  question  produced  a  wide  range  of  answers,  some  listing  all  of  their  in- 
house  structural  programs  and  several  all  but  the  actual  model  numbers  of  the 
computers  on  which  they  run.  Several  of  the  more  modest  design  firms  have  a  great 
deal  more  capability  that  might  be  expected  -  or,  perhaps,  even  necessary  -  and 
some  relatively  substantial  shipbuilding  organizations  could  be  deemed  somewhat 
deficient  by  current  standards  if  their  answers  were  in  fact  complete.  NASTRAN  is 
still  in  use  at  many  locations  for  finite  element  analyses,  as  current  and 
comprehensive  a  program  as  MAESTRO  was  available  to  those  at  more 
organizations  than  was  expected,  and  ABACUS,  GIFTS,  SAFEHULL,  PLA.TE, 
PipeNet,  STEERBEAR  and  perhaps  a  dozen  more  programs  with  recognizable 
names  used  in  ship  structural  analysis  and  design,  and  in  shipbuilding,  were 
mentioned  in  the  replies  received.  Most  organizations  depended  on  486  PC's  for 
routine  work,  but  one  of  the  large  shipyards  dedicated  to  work  for  the  U.S.  Navy  and 
one  of  the  consulting  engineering  firms  said  they  had  workstations  with  access  to 
Crays.  Only  one  boatbuilder  (but,  perhaps,  to  some  extent,  another  as  well)  of  all 
those  responding  answered  in  such  a  way  that  would  indicate  their  organization's 
computer  usage  was  really  very  limited;  most  seemed  to  take  some  pride  in  how 
extensive  their  program  libraries  have  become.  The  term  optimization  remains 
misused  or  overused,  however,  the  pitfalls  of  modeling  procedures  are  seemingly  not 
apparent  to  some,  and  uncertainty  if  not  absolute  ignorance  about  how  to  treat 
marine  loads  rationally  is  still  prevalent. 

Question  9 

There  was  a  final,  ninth,  question  seeking  any  additional  comments  those 
responding  wished  to  make  and  requesting  any  suggestions,  concerning  matters, 
topics,  or  procedures  that  might  have,  or  should  have,  been  included  to  make  the 
questionnaire  better,  or  in  any  way  to  aid  in  fulfilling  the  needs  of  the  study  as  defined 
in  the  project  statement.  The  responses  were  lengthy  in  several  instances,  and 
helpful.  That  project  statement  did,  of  course,  require  that  contact  with  the  marine 
industry  be  made,  and  the  questionnaire  and  the  responses,  collectively  with  respect 
to  some  items  and  less  often  individually  in  regard  to  others,  have  been  adequate  to 
suggest  and  to  justify  some  of  the  conclusions  given  in  the  next  section  of  the  report. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


The  information  provided  in  two  of  the  foregoing  sections  of  this  report  is  mostly 
descriptive:  what  academic  programs  of  interest  exist  and  what  are  they  like  in 
general,  and  how,  in  particular,  do  they  present  material  concerning  marine 
structural  analysis  and  design  to  students.  The  immediately  preceding  section 
summarizing  the  responses  to  the  industry  questionnaire  does  not  mention  that  there 
seems  to  be  in  industry  any  widespread  dissatisfaction,  with  the  manner  in  which  the 
various  schools  have  handled  that  presentation  nor  with  the  results  they  have 
achieved,  because  it  was  not  evident  that  there  was  any  at  all.  What  is  possibly 
more  disturbing  is  there  seems  to  be,  instead,  widespread  but  certainly  not  total 
indifference  with  regard  to  how  the  schools  actually  operate,  how  well  educated  with 
respect  to  marine  structural  analysis  and  design  the  graduates  at  all  degree  levels 
from  those  schools  with  programs  in  naval  architectm-e  and/or  ocean  engineering  are, 
and  even  how  they  and  their  organization  might  better  accomplish  the  structural 
analysis  and/or  design  tasks  they  encounter  and  must  complete. 

Of  the  dozen  schools  with  undergraduate  programs  that  were  included  in  the 
earlier  section,  the  first  four  would  seem  to  be  graduating  at  present  an  adequate 
number  of  bachelor's-level  naval  architects  to  meet  the  current  needs  of  the  marine 
industry.  This  could  not  have  been  stated  just  several  years  ago  since  their  normal 
collective  enrollment,  and  therefore  total  number  of  graduates  in  the  last  year  or  two, 
were  much  reduced  because  students  were  not  being  attracted  to  this  particular 
discipline  at  least  in  the  U.S.  due  to  the  view  generally  held  (but  by  many  younger 
people  especially)  that  the  marine  industry  was  nearing  collapse  as  the  U.S.  Navy 
had  to  cut  back  ship  procurement  programs.  But  during  the  intervening  period  Webb 
has  been  able  to  admit  and  to  graduate  more  students  than  ever  before  - 
approximately  24  and  18,  respectively  -  and  Michigan  at  present  is  again  graduating 
23  or  24  students  this  year  and  anticipates  some  further  increase  in  each  of  the  next 
several  years.  While  the  Memorial  bachelor  graduates  generally  remain  in  Canada 
after  receiving  their  degrees,  the  total  number  of  students  at  New  Orleans  would 
suggest  that  more  than  the  usual  10  or  so  might  graduate  if  it  were  not  that  most  of 
the  students  work  full-time  and  are  only  part-time  students  and  concurrent  work 
opportunities  for  them  seem  to  be  available  at  present  in  the  Gulf  region.  The  few 
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students  now  receiving  their  undergraduate  education  in  naval  architecture  each  year 
from  Berkeley,  and  the  uncertainty  about  whether  the  number  will  increase,  and 
much  the  same  situation  at  MIT  with  regard  to  their  remaining  undergraduate 
program  in  ocean  engineering,  render  concern  for  what  their  undergraduate  students 
are  taught  or  learn  regarding  marine  structural  analysis  and  design  seem  almost 
moot.  Much  the  same  conclusion  not  to  include  them  among  the  four  can  be  reached 
regarding  the  Coast  Guard  and  Naval  Academies  even  though  they  annually  award 
several  dozen  degrees,  since  their  graduates  are  not  available  to  enter  industry  at 
once.  But  Virginia  Tech  now  awards  15  or  so  bachelor's  degrees  in  ocean  engineering, 
and,  as  indicated  earlier,  their  program  has  much  of  the  same  content  and  is  more  like 
the  traditional  programs  in  naval  architecture  than  are  those  at  the  three  remaining 
schools  with  programs  also  specifically  called  ocean  engineering.  These  other  schools 
with  ocean  engineering  undergraduate  programs  are  certainly  providing  additional 
graduates  to  the  marine  industry,  but  most  continue  to  seek  careers  as  coastal 
engineers  or  in  some  other  branch  of  ocean  engineering  rather  than  in  structural 
analysis  and  design  even  though  they  are  often  just  as  well  quahfied  to  contribute  in 
that  particular  area  as  civil  or  mechanical  engineering  graduates.  . 

Table  2  lists  the  number  of  degrees,  at  all  levels,  granted  by  the  various 
institutions  in  1993  and  1994,  for  reference.  Some  of  the  values  are  not  necessarily 
exact  since  they  were  all  obtained  from  several  sources  and  these  did  not  always 
agree.  Even  if  approximate,  however,  they  are  adequate  for  the  purpose  of  this 
report. 
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TABLE  2.  NUMBER  OF  DEGREES  AWARDED  IN  PROGRAMS  OF  INTEREST 
AT  INSTITUTIONS  INCLUDED  IN  TmS  STUDY 


INSTITUTION 

1  BS  '93 

B,  '94 

M2  ,E3,  '93 

M,  E,  '94  11  D^  '93 

D,  '94 

Webb 

mm 

- 

- 

- 

- 

Michigan 

lis 

mm. 

21 

25 

8 

5 

New  Orleans 

0 

0 

- 

- 

Memorial 

6 

4 

9 

7 

2 

1 

Berkeley 

4 

5 

6 

7 

2 

3 

Coast  Guard  Academy 

23 

24 

- 

- 

- 

Naval  Academy 

22,33 

15,20 

- 

- 

- 

Virginia  Tech 

17 

15 

*5 

2 

* 

♦ 

MIT 

1 

5 

41 

55 

13 

Texas  A&M 

21 

21 

12 

17 

3 

3 

Florida  Atlantic 

16 

22 

8 

14 

4 

2 

Florida  Tech 

22 

30 

7 

7 

0 

1 

Nova  Scotia 

- 

- 

2 

4 

0 

2 

Sources:  American  Society  for  Engineering  Education  Directories  (see  BIBLIOGRAPHY)  and 
personal  communication. 

^B=Bachelor  degree,  whether  B.S.E.,  B.Sc.,  B.S.,  naval  archtitecture  or  ocean  engineering 
2M=Master's  degree,  whether  M.S.E.,  M.Eng.,  M.S.,  M.A.Sc.,  naval  architecture  or  ocean  engineering 
^E=Professional  degree:  Naval  Engineer,  Naval  Architect,  Ocean  Engineer 
■*D=Doctorate,  whether  D.Eng.,  D.Sc.,  Ph.D.,  naval  architecture  or  ocean  engineering 
^Separate  degrees  in  Ocean  Engineering,  rather  than  in  Aerospace  and  Ocean  Engineering, 
at  the  master's  level  began  in  1993,  and  at  the  doctoral  level  no  distinction  is  made. 

Thus  only  the  five  undergraduate  programs  of  most  importance  to  this  study  - 
Webb,  Michigan,  New  Orleans,  Memorial,  and  Virginia  Tech  -  could  and  perhaps 
should  be  judged  as  to  how  well  they  handle  marine  structural  analysis  and  design, 
how  viable  is  the  content  of  their  individual  structures  courses  and  complete  the  total 
coverage,  how  qualified  the  various  professors  involved  may  be  technically,  and 
maybe  with  regard  to  other  pertinent  factors.  But  none  would  in  fact  be  found 
untenable,  even  though  all  may  be  wanting  in  one  or  several  aspects.  Discussions 
with  professors  and  even  those  with  administrative  responsibility  at  these 
institutions  make  clear  they  are  very  much  aware  in  what  areas  they  may  fall  short, 
but  are  either  attempting  to  remedy  that  circumstance  or  have  other  problems  on 
which  they  place  a  higher  priority.  The  differences  among  these  five  undergraduate 
programs  with  respect  to  how  thoroughly  they  cover  the  fundamental  knowledge 
graduates  should  know  to  be  able  properly  to  keep  pace  with  the  technological 
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advances  that  are  occurring  in  engineering  today  -  in  materials,  in  fabrication 
techniques,  and  even  in  analysis  and  design  procedures  -  are  not  really  very  great, 
probably  because  it  has  long  been  accepted  that  universities  are  not  "trade  schools" 
and  the  basics  must  be  taught  first  and  well.  The  degrees  to  which  these  programs 
prepare  their  graduates  for  practice,  how  extensively  they  communicate  how  the 
basic  material  can  be  applied  to  real  -  and  for  the  concerns  of  this  project,  marine  - 
structural  problems,  does  vary.  Whether  at  several  schools  a  second  strength  course 
taken  after  a  basic  one  introducing  the  fundamentals  of  strength  of  materials  is 
properly  named,  and  is  indeed  concerned  specifically  with  marine  structures  or  just 
advanced  strength  of  materials  generally,  can  depend  on  the  individual  professor's 
inclination  which  in  turn  may  well  depend  on  his  own  particular  background  and 
experience.  The  course  syllabuses  reproduced  in  the  foregoing  do  not  illustrate  any 
situations  where  what  might  be  called  the  balance  between  fundamental  theory  and 
practical  application  -  teaching  useful  problem  resolving  approaches  and  procedures 
with  appropriate  marine  structures  examples  -  is  too  far  fi-om  equilibrium,  even  when 
some  of  the  professors  may  have  been  educated  as  civil  engineers  and  the 
applications  may  also  occasionally  involve  structural  problems  not  specifically 
marine. 

What  has  obviously  been  of  tremendous  benefit  to  those  teaching  and  to  the 
undergraduate  students  learning  about  marine  structures  at  several  of  the  schools, 
however,  has  been  the  increasing  attention  being  given  in  their  programs  to  ship 
production  and  to  fabrication  practices  in  particular.  It  is  now  possible  to  recognize 
that  many  undergraduate  and  even  graduate  students  were  formerly  not  able  to  fully 
envision  realistically  what  constituted  structure  in  ships  or  platforms  or  even  boats, 
and  did  not  concern  themselves  at  all  with  how  the  structure  was  assembled, 
especially  in  the  classroom.  Only  Webb  had  a  formal  practical  work  period 
requirement  until  relatively  recently,  but  summer  intern  programs  have  become 
popular  at  several  additional  schools  to  their  great  benefit.  That  these  arrangements 
be  emulated  at  the  others  is  well  worth  recommending.  It  would  also  be  of  real  value 
if  several  of  the  undergraduate  programs  could  include  greater  treatment  of  fi'acture 
and  fatigue,  more  on  material  behavior,  and  so  on  for  many  other  topics.  But  any 
curriculum  additions  can  only  be  accomplished  by  replacing  and  thus  deleting  other 
topics,  or  the  unacceptable  alternative  of  increasing  the  number  of  credit  hours  and 
hence  terms  required. 
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The  trends  in  graduate  engineering  education  -  generally,  but  certainly  at  the 
master's  degree  level  -  towards  greater  concern  for  and  emphasis  on  preparing 
graduates  for  practice,  rather  than  seemingly  sometimes  only  for  even  further 
education  after  a  master's  degree,  bodes  well  for  today's  students.  But  practice  must 
be  interpreted  broadly;  it  is  too  educationally  demanding  on  the  one  hand  to  permit 
any  but  the  very  brightest  graduate  students  to  specialize  in  a  worthy  and 
meaningful  specific  area  of  engineering,  and  be  certain  they  have  dealt  with  all  it 
entails  technically  no  matter  how  narrow  it  may  appear,  and  on  the  other  hand 
simultaneously  within  the  same  number  of  credit  hours  to  prepare  them  to  some 
extent  also  to  manage  and  to  carry  out  the  necessary  economic  planning,  to  consider 
marketability,  and  to  anticipate  operational  problems  and  management  concerns 
with  regard  to  complex  engineering  systems  as  currently  envisioned  in  the  so-called 
"concurrent  design"  concept. 

That  doctoral  programs,  and  theses,  even  in  engineering  may  remain  as  esoteric 
as  ever  is  not  deemed  a  major  concern  at  present.  Basic  knowledge  and 
understanding  must  be  advanced,  and  the  entire  marine  industry  with  all  its 
engineering  activities  and  demands  seemingly  functions  at  all  well  only  by  being  able 
frequently  to  utilize  and  adapt  to  current  problems  the  advances  that  have  more 
often  been  produced  for  other  elements  of  industry  by  research  and/or  development 
efforts  in  disciplines  other  than  naval  architecture  and/or  ocean  engineering.  Thus 
the  recognition  that  no  more  than  five  or  six  doctoral  degrees  in  naval  architectural 
aspects  of  structural  analysis  and  design  are  being  awarded  annually  in  North 
America  is,  while  unfortunate,  again,  an  indication  this  area  is  not  considered  as 
attractive  nor  as  well  funded  as  others  by  potential  candidates  seeking  doctoral 
degrees  in  engineering. 

But  the  schools  included  in  this  study  are,  again,  collectively  seemingly 
graduating  an  adequate  number  of  master's  degree-level  and  even  doctoral  degree- 
level  naval  architects  to  meet  the  current  needs  of  the  marine  industry.  Michigan 
and  Memorial,  and  probably  New  Orleans  and  Virginia  Tech  but  certainly  now 
including  Berkeley  and  MIT,  continue  to  maintain  more  or  less  traditional  graduate 
programs,  whether  they  be  designated  in  naval  architecture  and  marine  engineering 
and/or  ocean  engineering,  capable  of  educating  more  students  than  at  present  if  a 
surge  in  enrollment  because  of  a  perceived  industry  need  were  to  occur.  And  the 
healthy  graduate  programs  at  the  other  three  ocean  engineering  schools  endure.  But 
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more  graduate  students  in  all  of  the  programs  of  particular  interest  at  all  of  these 
institutions  are  specializing  to  the  extent  possible  in  hydrodynamics  than  are  those  in 
structures  and  production  and  power  systems  (marine  engineering)  and  operational  or 
environmental  concerns  (whatever  the  options  may  be  called)  combined,  that  is 
probably  an  indication  not  only  that  greater  research  funding  and  hence  graduate 
student  research  is  and  has  been  predominantly  in  that  field  but  that  even  adequate 
support  in  any  of  the  others  -  but  most  particularly  in  structimes  -  could  alter  that 
situation. 

What  recommendation  or  recommendations  should  be  advanced  to  counter  the 
perceived  sort  of  malaise  and  uninterested  mind-set  that  seemingly  currently 
pervades  marine  structural  analysis  and  design  in  general  is  not  clear,  but  it  is 
certain  the  fault  is  not  primarily  or  even  partially  in  the  undergraduate  or  the 
graduate  educational  programs  discussed  even  though  it  is  manifested  there  as  well 
as  in  practice.  All  of  those  teaching  at  all  of  the  institutions  discussed  are  dedicated 
and  extremely  capable  people,  productive  and  enthused  about  what  they  do  even  if 
several  of  the  younger  professors  may  possibly  on  occasion  be  less  enthusiastic  than 
desirable  about  teaching  undergraduates  and  most  are  perhaps  too  focused  on  their 
research  and/or  consulting  work.  The  subject  content  in  the  various  programs  is  not, 
and  the  topics  in  the  individual  courses  are  not  -  and  should  not  be  -  uniform,  but 
reflect  the  emphasis  and  the  rationale  reasonable  minds  believe  appropriate  within 
the  constraints  they  face.  If  indeed  the  problem  is  really  most  apparent  in  practice, 
in  industry,  it  may  be  because  the  industry  itself  does  not  consider  marine  structural 
analysis  and  design  of  great  enough  importance  nor  amenable  to  much  improvement. 
This  cannot  be  due  solely  to  overregulation  even  though  that  might  be  one  factor, 
despite  the  fact  that  the  regulators  -  the  classification  societies  such  as  ABS,  in 
particular  -  have  often  developed  and  promoted  the  approaches  that  have  made  more 
rational  many  of  the  techniques  available  for  use  today.  That  commercial  firms  have 
come  to  depend  upon  them,  or  the  Department  of  the  Navy,  to  do  so  does  relieve  them 
of  the  obligation,  and  does  help  explain  why  many  recent  and  current  naval 
architectural  graduates  are  not  as  attracted  to  these  activities  within  their 
organizations  and  less  then  thrilled  when  assigned  to  them. 

It  may  also  seem  trite  to  suggest  that  another  cause  is  that  there  are  no  "exotic 
new  frontiers"  in  ship  structures,  at  least  to  the  degree  there  seems  to  be  in  some 
other  engineering  fields.  But  in  structures  generally,  including  such  land-based 
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structures  as  civic  buildings  and  venues,  bridges,  and  even  shoreline  structures, 
improvement  and  advances  of  many  t3^es  are  taking  place  even  though  they  are 
being  brought  about  by  a  relatively  small  number  of  people  and  organizations.  It  is 
just  not  being  made  apparent  to  individuals  or  to  organizations  in  the  marine  industry 
that  innovation  and  creative  reconfigurations  and  other  possibly  more  exciting 
developments  such  as,  for  example,  "smart  materials  and  structures  that  adjust  and 
adapt  in  response  to  their  own  sensors  are  indeed  desirable  and  even  needed  in  ships 
and  platforms.  Analyses  that  justified  lengthening  the  fi-ame  spacing  in  a  ship  by  an 
inch  or  two  by  modifying  the  arrangement  of  other  structural  members  or  using 
better  material,  and  thereby  reducing  the  hull  steel  weight  overall  by  as  much  as  one 
or  two  percent,  just  is  in  comparison  not  that  satisfying  an  accomplishment  and 
probably  would  not  be  rewarded  anyway.  How  those  who  practice  in  what  must  be 
termed  a  conservative  marine  industry  can  be  encouraged  to  propose  possibly 
dramatic  improvements  in  the  area  of  structures  -  as  some  have  in  such  other  areas 
as  propellers  or  hull  form  or  even  tank  coatings  -  when  the  prevailing  impression  is 
that  structure  is  governed  by  rules  and  codes  in  the  name  of  safety,  and  deviation 
fi-om  these  and  the  resulting  redundancy  and  overdesign  that  often  result  will  impose 
on  those  suggesting  some  variation  a  needless  burden,  is  the  real  problem.  Various 
awards  to  practicing  naval  architects  and/or  ocean  engineers,  for  creativity  and 
productive  change,  particularly  if  successful,  offered  by  appropriate  government 
agencies  such  as  those  that  constitute  the  Ship  Structure  Committee  or  that 
interagency  organization  itself,  might  help.  The  recogmtion  must  be  extensively 
publicized  in  each  case,  however,  and  the  awards  themselves  should  be  as  rich  as 
possible.  The  Society  of  Naval  Architects  and  Marine  Engineers  and  the  American 
Society  of  Naval  Engineers  should  be  encouraged  to  participate  and  could  possibly 
manage  the  entire  process. 

It  is  foolish  to  suggest  money,  financial  support  for  research,  financial  aid  for 
education,  does  not  matter;  but  it  is  questionable  whether  the  availability 
immediately  of  a  substantial  additional  amount  of  money  will  quickly  improve  marine 
structure  analysis  and  design  education  and  capability  in  industry  significantly. 
What  might  help  in  the  coming  years,  however,  are  dedicated  government  tax  policies 
intended  to  encourage  investors,  unwilling  to  take  the  entire  risk  themselves,  to  carry 
through  on  entrepreneurial  ventures  that  do  incorporate  or,  preferably,  even  require 
innovative  structural  arrangements,  or  imaginative  new  material  usage,  or  other 
such  features.  To  encourage  the  government  to  do  so  would  require  an  educational  or 
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lobbying  campaign  perhaps,  but  the  prospectus  for  that  is  beyond  the  scope 
permitted  here.  However,  it  is  not  unreasonable  nor  inappropriate  to  recommend 
that  an  intense  campaign  be  mounted  at  once  by  the  individuals  that  constitute  the 
Ship  Structure  Committee  to  convince  their  organizations  to  double  and  then  double 
again  their  financial  support,  emphasizing  that  despite  its  shamefully  modest  funding 
this  committee  is  at  present  the  only  continuous  source  of  funds  for  research  and 
development  undertakings  specifically  in  marine  structiu-al  analysis  and  design,  that 
these  undertakings  are  not  often  as  theoretical  or  sophisticated  as  to  elicit  the 
attention  and  support  of  the  National  Science  Foundation  or  the  Office  of  Naval 
Research  on  any  regular  basis  but  normally  produce  results  of  immediate  value  to 
the  marine  industry,  and  are  in  fact  suggested  by  representatives  from  the  marine 
industry  and  the  cognizant  government  agencies  and  thus  address  current  problems 
or  concerns  of  real  interest  to  them.  At  the  very  least  the  SCC  reports  should  be 
given  much  greater  distribution,  thereby  establishing  how  valuable  they  are  and 
engendering  wider  appreciation  for  and  application  of  the  information  they  contain. 

Another  recommendation  or  two  also  with  respect  to  the  Ship  Structure 
Committee  program,  since  improving  education  in  marine  structural  analysis  and 
design  is  indeed  among  its  specific  goals,  are  suggested  particularly  by  the 
information  concerning  the  various  schools  and  their  programs  presented  in  the 
preceding  sections  of  the  report.  If,  for  example,  the  intent  is  to  insure  that  more 
students  become  attracted  to  and  hence  interested  in  pursuing  their  studies 
concentrating  in  marine  structural  analysis  and  design,  their  single  graduate 
scholarship  and  appointing  a  single  student  as  a  Ship  Structure  Subcommittee 
member  are  at  best  superficial  attractions  and  probably  not  really  all  that  effective. 
More  graduate  student  support  could  be  achieved  if  every  project  they  consider 
awarding  to  a  professor,  whether  through  his  institution  or  to  him  personally,  required 
that  the  proposal  being  reviewed  listed  by  name  and  program  level  if  possible  the 
students  that  would  participate  and  the  renumeration  they  would  receive,  and  that 
this  be  a  major  consideration  in  evaluating  the  proposal.  And,  again,  if  additional 
input  is  desired,  instead  of  students  or  even  faculty  members  bring  appointed  as 
liaison  members  of  the  SSSC,  since  at  present  only  those  professors  from  the  U.S. 
Coast  Guard,  Naval,  and  Merchant  Marine  Academies  (none  of  which  have  graduate 
research  programs  dealing  with  structural  analysis  and  design)  are,  more  extensive 
liaison  instead  be  sought  and  established  with  the  National  Shipbuilding  Research 
Program,  the  Advanced  Research  Projects  Agency's  Maritech  Program,  and  possibly 
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even  with  the  American  Institute  of  Marine  Underwriters,  the  Shipbuilders  Council  of 
America  and/or  the  splinter  group  of  its  former  members,  or  both,  and  other  such 
organizations  even  though  these  may  not  be  formally  affiliated  with  or  an  integral 
part  of  the  government.  Strengthening  ties  with  such  existing  Uaison  organizations 
as  the  Welding  Research  Council,  and  especially  ONR  is  also  essential  if  synergism  of 
the  level  now  achieved  by  the  long  established  arrangement  with  the  Committee  on 
Marine  Structures  of  the  National  Research  Council  is  to  be  duplicated  or  even 
partially  achieved  with  them. 

While  much  of  the  foregoing  is  unfortunately  capable  only  of  portraying  the 
status  of  marine  structural  analysis  and  design  education,  and  practice,  as  somewhat 
stagnant,  this  is  misleading  with  respect  to  that  aspect  of  the  subject  that  can  most 
easily  be  characterized  as  loads  and/or  loading.  The  very  best  structural  analyses  are 
only  meaningful  if  they  describe  the  response  to  realistic  loading,  and  structural 
design  decisions  certainly  must  be  based  on  loads  rationally  derived  and  formulated. 
The  progress  in  recent  years  in  this  area  may  be  due  more  to  the  efforts  of  those  who 
think  of  themselves  as  hydrodynamicists  and  their  increased  concern  with  motions 
than  to  structural  engineers,  but  the  value  of  and  the  acceptance  of  their 
contributions  has  enhanced  marine  structural  analysis  and  design  enormously.  Nor 
is  this  the  only  positive  development.  The  advent  of  ever  more  capable  computer 
programs  for  both  structural  analysis  and  design,  and  the  widespread  availability  of 
and  dependence  on  computers  capable  of  running  them,  has  made  it  possible  to  carry 
out  more  extensive  and  more  sophisticated  analyses  and  to  evaluate  more  design 
alternatives  with  greater  confidence  than  ever  before.  These,  and  equivalent  progress 
in  better  understanding  material  behavior,  improving  fabrication  procedures,  and 
other  such  advances  should  be  more  than  adequate  to  invigorate,  perhaps  gradually 
but  surely  inevitably,  marine  structural  analysis  and  design.  They  seemingly  are 
capable  of  sustaining  the  educational  efforts  and  attention  that  these  subjects  are 
receiving  currently  and  may  in  time  amplify  and  extend  them,  but  they  will  do  so  only 
if  the  marine  industry  recognizes  their  own  need  that  they  do  so  and  encourages  them 

accordingly. 
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